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HOW TO USE THIS SOIL SURVEY 


HIS SOIL SURVEY contains information 

that can be applied in managing farms, 
ranches, woodlands, and wildlife areas; in se- 
lecting sites for roads, ponds, buildings, and 
other structures; and in judging the suitability 
of tracts of land for farming, industry, and 
recreation. 


Locating Soils 


All the soils of Gove County are shown on 
the detailed map at the back of this survey. 
This map consists of many sheets made from 
aerial photographs. Each sheet is numbered to 
correspond with a number on the Index to Map 
Sheets. 

On each sheet of the detailed map, soil areas 
are outlined and are identified by symbols. All 
areas marked with the same symbol are the 
same kind of soil. The soil symbol is inside the 
area if there is enough room; otherwise, it is 
outside and a pointer shows where the symbol 
belongs. 


Finding and Using Information 


The “Guide to Mapping Units” can be used 
to find information. This guide lists all the soils 
of the county in alphabetic order by map sym- 
bol and gives the capability classification of 
each. It also shows the page where each soil is 
described and the page for the woodland group 
and range site in which the soil has been placed. 

Individual colored maps showing the relative 
suitability or degree of limitation of soils for 
many specific purposes can be developed by us- 
ing the soil map and the information in the 
text. Translucent material can be used as an 
overlay over the soil map and colored to show 


Cover: 


soils that have the same limitation or suitabil- 
ity. For example, soils that have a slight limita- 
tion for a given use can be colored green, those 
with a moderate limitation can be colored yel- 
low, and those with a severe limitation can be 
colored red. 

Farmers and those who work with farmers 
can learn about use and management of the 
soils from the soil descriptions and from the 
discussions of the range sites and windbreaks. 

Foresters and others can refer to the section 
“Windbreaks and environmental plantings,” 
where the heights of selected locally suited 
trees on various soils in 20 years are estimated. 

Wildlife managers and others can find infor- 
mation about soils and wildlife in the section 
“Wildlife.” 

Ranchers and others can find, under “Range,” 
groupings of the soils according to their suit- 
ability for range, and also the names of many 
of the plants that grow on each range site. 

Community planners and others can read 
about soil properties that affect the choice of 
sites for nonindustrial buildings in the section 
“Engineering,” and for recreation in the sec- 
tion “Recreation.” 

Engineers and builders can find, under “En- 
gineering,” tables that contain test data, esti- 
mates of soil properties, and information about 
soil features that affect engineering practices. 

Scientists and others can read about how 
the soils formed and how they are classified 
in the section “Formation and classification of 
soils.” 

_Newcomers in Gove County may be espe- 
cially interested in the section “General soil 
map,” where broad patterns of soils are de- 
scribed. They may also be interested in the in- 
formation about the county given in the section 
“Environmental factors affecting soil use.” 
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SOIL SURVEY OF GOVE COUNTY, KANSAS 


By Raymond C, Angell, Clarence M. Call, and Lyle D. Linnell, Soil Conservation Service 


United States Department of Agriculture, Soil Conservation Service, in Cooperation with the Kansas Agricultural Experiment Station 


G OVE COUNTY is in the west-central part of 
JF Kansas. It covers 1,070 square miles, or 684,800 
acres (fig. 1). 

Gove, the county seat, is near the center of the county 
along Hackberry Creek. The county population is 
about 4,000. 

This county has a continental semiarid climate. It 
is in the High Plains section of the Great Plains phys- 
iographic province. The elevation ranges from 3,000 
feet in the northwestern part of the county to 2,300 
rigs in the Smoky Hill Valley at the eastern county 
ine. 

The northern part of the county is characterized by 
nearly level to gently sloping tableland where deep 
soils formed in a thick deposit of silty loess. It is dis- 
sected by relatively narrow drainageways. In the 
southern part of the county, the Smoky Hill River and 
its tributaries have eroded much of the loess and some 
of the underlying material. In this area where the re- 
maining loess deposit, if any, is thin, many of the 
soils formed in materials weathered from limestone 
and chalky shale mixed with varying amounts of loess. 
Outcrops of the limestone and chalky shale are com- 
mon, 

Farming is the principal enterprise in Gove County, 
and wheat, grain sorghums, and cattle are the main 
sources of income. Forage sorghums, corn, and alfalfa 
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Figure 1.—Location of Gove County in Kansas. 


are also important crops but are mainly used for live- 
stock feed. Irrigation is increasing in the county, but 
suitable sources of water are of limited quantity and 
distribution. There are large areas in native grass in 
the vicinity of the Smoky Hill River and smaller areas 
along the drainageways in other parts of the county. 
About half of the land area is used for native grass and 
half for cultivated crops. 


How This Survey Was Made 


Soil scientists made this survey to learn what kind 
of soils are in Gove County, where they are located, 
and how they can be used. The soil scientists went 
into the county knowing ‘they likely would find many 
soils they had already seen and perhaps some they had 
not. They observed the steepness, length, and shape of 
slopes, the size and nature of streams, the kinds of 
native plants or crops, the kinds of rock, and many 
facts about the soils. They dug many holes to expose 
soil profiles. A profile is the sequence of natural layers, 
or horizons, in a soil; it extends from the surface down 
into the parent material that has not been changed 
much by leaching or by the action of plant roots. 

The soil scientists made comparisons among the pro- 
files they studied, and they compared these profiles 
with those in counties nearby and in places more dis- 
tant. They classified and named the soils according to 
nationwide, uniform procedures. The soil series and 
the soil phase are the categories of soil classification 
most used in a local survey. 

Soils that have profiles alike or almost alike make 
up a soil series. Except for different texture in the 
surface layer, all the soils of one series have major hor- 
izons that are similar in thickness, arrangement, and 
other important characteristics. Each soil series is 
named for a town or other geographic feature near 
the place where a soil of that series was first observed 
and mapped. Keith and Ulysses, for example, are the 
names of two soil series. All the soils in the United 
States having the same series name are essentially 
alike in those characteristics that affect their behavior 
in the undisturbed landscape. 

Soils of one series can differ in texture of the sur- 
face layer and in slope, stoniness, or some other char- 
acteristic that affects use of the soils by man. On the 
basis of such differences, a soil series is divided into 
phases. The name of a soil phase indicates a feature 
that affects management. For example, Elkader silt 


1 


2 SOIL SURVEY 


loam, 1 to 8 percent slopes, is one of several phases 
within the Elkader series. 

After a guide for classifying and naming the soils 
had been worked out, the soil scientists drew the 
boundaries of the individual soils on aerial photo- 
graphs. These photographs show range, buildings, 
field borders, trees, and other details that help in draw- 
ing boundaries accurately. The soil map at the back of 
this survey was prepared from aerial photographs. 

The areas shown on a soil map are called mapping 
units. On most maps detailed enough to be useful in 
planning the management of farms and fields, a map- 
ping unit is nearly equivalent to a soil phase. It is not 
exactly equivalent because it is not practical to show 
on such a map all the small, scattered bits of soil of 
some kind that have been seen within an area that is 
dominantly of a recognized soil phase. 

Some mapping units are made up of soils of different 
series, or of different phases within one series. 

A soil complex consists of areas of two or more 
soils, so intricately mixed or so small in size that they 
cannot be shown separately on the soil map. Each area 
of a complex contains some of each of the two or more 
dominant soils, and the pattern and relative propor- 
tions are about the same in all areas. Generally, the 
name of a soil complex consists of the names of the 
dominant soils, joined by a hyphen. Carlson-Campus 
complex, 1 to 8 percent slopes, is an example. 

An undifferentiated group is made up of two or 
more soils that could be delineated individually but 
are shown as one unit because, for the purpose of the 
soil survey, there is little value in separating them. 
The pattern and proportion of soils are not uniform. 
An area shown on the map may be made up of only one 
of the dominant soils, or of two or more. If there are 
two or more dominant series represented in the group, 
the name of the group ordinarily consists of the names 
of the dominant soils joined by “and.” Elkader and 
Manvel silt loams, 6 to 15 percent slopes, is an undif- 
ferentiated group in Gove County. 

In most areas surveyed there are places where the 
soil material is so rocky, so shallow, so severely eroded, 
or so variable that it has not been classified by soil 
series. These places are shown on the soil map and are 
described in the survey, but they are called land types 
and are given descriptive names. Badland is a land 
type in this survey area. 

While a soil survey is in progress, samples of soils 
are taken, as needed, for laboratory measurements and 
for engineering tests. Laboratory data from the same 
kinds of soil in other places are assembled. Data on 
yields of crops under defined practices are assembled 
from farm records and from field or plot experiments 
on the same kinds of soil. Yields under defined manage- 
ment are estimated for the soils. 

But only part of a soil survey is done when the soils 
have been named, described, and delineated on the 
map, and the laboratory data and yield data have been 
assembled. The mass of detailed information then 
needs to be organized in such a way as to be readily 
useful to different groups of users, among them farm- 
ers, managers of range, and engineers. 

On the basis of yield and practice tables and other 
data, the soil scientists set up trial groups. They test 
these groups by further study and by consultation with 


farmers, agronomists, engineers, and others, then ad- 
just the groups according to the results of their studies 
and consultation. Thus, the groups that are finally 
evolved reflect up-to-date knowledge of the soils and 
their behavior under present methods of use and man- 
agement. 


General Soil Map 


The general soil map at the back of this survey 
shows, in color, the soil associations in the survey area. 
A soil association is a landscape that has a distinctive 
pattern of soils in defined proportions. It typically con- 
sists of one or more major soils and at least one minor 
soil, and it is named for the major soils, The soils in an 
association can occur in other associations, but in dif- 
ferent patterns. 

A map showing soil associations is useful to people 
who want to have a general idea of the soils in a survey 
area, who want to compare different parts of that area, 
or who want to locate large tracts that are suitable 
for a certain kind of land use. Such a map is a useful 
general guide for broad planning on a watershed, a 
wooded tract, or a wildlife area or for broad planning 
of recreational facilities, community developments, 
and such engineering works as transportation corri- 
dors. It is not a suitable map for detailed planning for 
management of a farm or field or for selecting the 
exact location of a road or building or other structure, 
because the soils within an association ordinarily vary 
in slope, depth, stoniness, drainage, and other char- 
acteristics that affect their management. 

The four soil associations in this survey area are 
described on the pages that follow. 


1. Ulysses-Kim-Penden association 


Nearly level to strongly sloping soils that have a med- 
ium textured to moderately fine textured subsoil; on 
uplands 


This association is on the sides of drainageways and 
stream valleys in the northern two-thirds of the 
county. The area is characterized by many narrow 
drainageways and includes convex divides. Slopes 
range from 0 to 15 percent. The major soils are well 
drained. 

This association makes up about 43 percent of the 
county. It is about 56 percent Ulysses soils, 12 percent 
Kim soils, 10 percent Penden soils, and 22 percent mi- 
nor soils (fig. 2). 

Ulysses soils are on divides and the upper slopes of 
drainageways. Slopes range from 0 to 10 percent. The 
surface layer is typically dark grayish brown silt loam 
about 10 inches thick. The subsoil is light brownish 
gray silt loam about 5 inches thick. It is underlain by 
very pale brown silt loam. 

Kim soils are on the lower, generally steeper slopes 
along the drainageways. Slopes range from 6 to 15 
percent. The surface layer is typically grayish brown 
clay loam about 5 inches thick. The next layer is pale 
brown clay loam about 6 inches thick. It is underlain 
by very pale brown clay loam. 

Penden soils are also on the lower, generally steeper 
slopes and are mapped in complex with the Kim soils 
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Figure 2,—A typical pattern of soils in the Ulysses-Kim-Penden association. 


where slopes are more than 6 percent. Slopes range 
from 3 to 15 percent. The surface layer is typically 
grayish brown light clay loam about 10 inches thick. 
The subsoil is light yellowish brown clay loam about 
18 inches thick. It is underlain by very pale brown 
clay loam. 

Of minor extent in this association are the Bridge- 
port, Campus, Canlon, Harney, Keith, and Roxbury 
soils. Bridgeport and Roxbury soils are on the bottom 
lands. They are generally well drained but are subject 
to flooding. Campus and Canlon soils are mapped to- 
gether, generally on the lower side slopes, and the units 
include outcrops of rock. Harney and Keith soils are on 
the more gentle side slopes on the upper part of the 
landscape. 

In most of this association, fertility is medium to 
high, and the available water capacity is high. The 
soils are well suited to grasses. The less sloping soils 
are suited to wheat, sorghums, and the other culti- 
vated crops commonly grown in the county. 

On grassland the main concern of management is 
controlling grazing. In cultivated areas the main con- 
cerns are controlling surface runoff and water erosion 
and maintaining fertility. 


Most of the areas of this association that have suit- 
able slopes are cultivated. The steeper areas are in na- 
tive grass. Producing cash crops and beef cattle are the 
main farm enterprises. 


2. Keith-Ulysses association 


Nearly level to sloping soils that have a medium tex- 
tured and moderately fine textured subsoil; on uplands 


This association is on the broad divides between ma- 
jor stream valleys. It is characterized by broad areas 
of nearly level to sloping uplands that have a few 
small drainageways and undrained depressions. 
Slopes are mainly 0 to 3 percent but range to 10 per- 
cent along the drainageways. The major soils are well 
drained and have moderate permeability. 

This association makes up about 17 percent of the 
county. It is about 68 percent Keith soils, 20 percent 
Ulysses soils, and 12 percent minor soils (fig. 3). 

Keith soils are on the highest and smoothest part 
of the landscape. Slopes range from 0 to 3 percent and 
are mainly less than 1 percent. The surface layer is 
typically dark grayish brown silt loam about 7 inches 
thick. The subsoil is silt loam and silty clay loam about 
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Figure 3.—-A typical pattern of soils in the Keith-Ulysses association. 


15 inches thick. The upper part of the subsoil is dark 
grayish brown, and the lower part is grayish brown. 
It is underlain by very pale brown silt loam. 

Ulysses soils are generally slightly more sloping than 
the Keith soils and are in a lower position on the land- 
scape. Slopes range from 0 to 10 percent but are mainly 
1.to 6 percent. The surface layer is typically dark gray- 
ish brown silt loam about 10 inches thick. The subsoil 
is light brownish gray silt loam about 5 inches thick. 
It is underlain by very pale brown silt loam. 

Of minor extent in this association are the Harney 
and Pleasant soils. Harney soils are in the same posi- 
tion on the landscape as the Keith soils but have a 
more clayey subsoil and are less permeable. Harney 
soils are well drained. Pleasant soils are in undrained 
upland depressions. They have a silty clay or clay sub- 
soil and have slow permeability. These soils are ponded 
after rains. 

In this association, fertility and the available water 
capacity are high. The soils are well suited to wheat, 
sorghum, and the other cultivated crops commonly 
grown in the county. 

The main concerns of management are controlling 
ere runoff and water erosion and maintaining fer- 
tility. 

Most of this association is cultivated. Producing 
cash crops and beef cattle are the main farm enter- 
prises. 


3. Harney-Ulysses association 


Nearly level to sloping soils that have a medium tex- 
tured to fine textured subsoil; on uplands 


This association is on the broad divides between ma- 
jor stream valleys. It is characterized by broad areas 
of nearly level to gently sloping uplands that have a 
few small drainageways and undrained depressions. 
Slopes are mainly 0 to 3 percent but range to 10 per- 
cent along the drainageways. The major soils are well 
greiied and have moderately slow or moderate perme- 
ability. 

This association makes up about 8 percent of the 
county. It is about 79 percent Harney soils, 14 percent 
Ulysses soils, and 7 percent minor soils (fig. 4). 

Harney soils are on the highest and smoothest part 
of the landscape. Slopes range from 0 to 3 percent. The 
soils are well drained and have moderately slow per- 
meability. The surface layer is typically grayish brown 
silt loam about 10 inches thick. The subsoil is about 
18 inches thick. The upper 5 inches of the subsoil is 
grayish brown silty clay loam, the next 9 inches is pale 
brown heavy silty clay loam, and the lower 4 inches is 
pale brown silty clay loam. The underlying material 
is light gray silt loam. 

Ulysses soils are generally on slopes slightly greater 
than the Harney soils and in lower positions on the 
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Figure 4.—A typical pattern of soils in the Harney-Ulysses association. 


landscape. Slopes range from 0 to 10 percent’ but are 
mainly 1 to 6 percent. The soils are well drained and 
have moderate permeability. The surface layer is typ- 
ically dark grayish brown silt loam about 10 inches 
thick. The subsoil is light brownish gray silt loam 
about 5 inches thick. It is underlain by very pale brown 
silt loam. 

Of minor extent in this association are the Carlson, 
Campus, and Pleasant soils. 

The Carlson and Campus soils are in positions simi- 
lar to those of Ulysses soils. They formed in loess over 
outwash material of clay loam. They are mapped to- 
gether; in a few small areas, soils that have a gravelly 
surface layer or outcrops of caliche are included. Pleas- 
ant soils are in undrained depressions. They have a 
silty clay or clay subsoil and have slow permeability. 
They are ponded after rains. 

The soils of this association range from medium to 
high in fertility and available water capacity. They 
are well suited to wheat, sorghum, and other cultivated 
crops commonly grown in the county. 

The main concerns of management are controlling 
runoff and erosion and maintaining fertility. 

Most of the association is cultivated. Producing cash 
crops and beef cattle are the main farm enterprises. 


4.  Ulysses-Elkader-Manvel association 


Nearly level to moderately steep soils that have a med- 
ium textured subsoil and rock outcrops; on uplands 


This association is on the sides of the valleys of the 
Smoky Hill River and its tributaries in the southern 
third of the county. The area is characterized by many 
drainageways and includes bottom land and convex 
divides. Slopes range from less than 1 to more than 
15 percent. The major soils are well drained. 

This association makes up about 82 percent of the 
county. It is about 21 percent Ulysses soils, 20 percent 
Elkader soils, 18 percent Manvel soils, and 41 percent 
minor soils (fig. 5). 

Ulysses soils are on divides and the upper slopes of 
drainageways. Slopes range from 0 to 10 percent. The 
surface layer is typically dark grayish brown silt loam 
about 10 inches thick, The subsoil is light brownish 
gray silt loam about 5 inches thick. It is underlain by 
very pale brown silt loam. Li 

Elkader soils are on divides and the sides of drain- 
ageways where there is no loess or only a thin layer. 
They formed mainly in material that weathered from 
chalky shale and limestone. In some places the soils 
have a thin surface layer of loess. The surface layer is 
typically grayish brown silt loam about 9 inches thick. 
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Figure 5.—A typical pattern of soils in the Ulysses-Elkader-Manvel association. 


The subsoil is light brownish gray silt loam about 11 
inches thick. It is underlain by very pale brown silt 


loam. 

Manvel soils are mainly on colluvial side slopes be- 
low outcrops of chalky shale or soft limestone. Slopes 
range from 1 to 15 percent. The surface layer is typi- 
eally grayish brown silt loam about 3 inches thick. The 
next layer is very pale brown silt loam about 20 inches 
thick. It is underlain by very pale brown silt loam. 
These soils are violently effervescent. 

Of minor extent in this association are the Angelus, 
Bridgeport, Campus, Canlon, Caruso, Dix, Harney, In- 
avale, Keith, Kim, Munjor, Otero, Penden, and Rox- 
bury soils and Badland. 

Angelus, Bridgeport, Caruso, Inavale, Munjor, and 
Roxbury soils are on the bottom lands. They are gen- 
erally well drained except for the Caruso soils, which 
are moderately well drained to somewhat poorly 
drained, and the Inavale soils, which are somewhat 
excessively drained. These soils are subject to flooding. 
Harney and Keith soils are generally on the highest 
and smoothest part of the landscape where the loess is 


thickest. They are well drained. Campus, Canlon, Kim, 
and Penden soils are in a middle position on the land- 
scape, between soils that formed in loess and soils that 
formed in chalk. They formed in loamy material of 
the Ogallala Formation. In some places this material 
is cemented with lime. Dix soils are steep and formed 
in deposits of sand and gravel. Otero soils formed in 
loamy and sandy material reworked by wind, gener- 
ally on side slopes adjacent to streams. Badland is along 
drainageways and on bluffs where the overlying ma- 
eval has been eroded away to expose the chalky bed- 
rock. 

In this association, fertility and the available water 
capacity range from high to low. The soils are well 
suited to grass. Some of the soils that have slopes of 
less than 6 percent are suited to wheat and sorghums. 
Some of the soils on bottom lands are suited to alfalfa. 
Soils that formed in chalky material are not well 
suited to sorghums. 

On grassland the main concern of management is 
controlling grazing, In cultivated areas the main con- 
cerns are controlling runoff.and water erosion and 
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maintaining fertility. Some of the cultivated areas on 
bottom lands need protection from flooding. 

Most of this association is in native grass. A few 
areas of the soils that have favorable slopes or that 
are on bottoms are cultivated. Beef cattle production 
is the main farm enterprise. Cash crops are less im- 
portant than in the other associations in the county. 


Descriptions of the Soils 


This section describes each soil series in detail and 
then, briefly, each mapping unit in that series. Unless 
stated otherwise, what is stated about the soil series 
holds true for the mapping units in that series. Thus, 
to get full information about any one mapping unit, 
it is necessary to read both the description of the map- 
ping unit and the description of the soil series to which 
it belongs. 

An important part of the description of each soil 
series is. the soil profile, that is, the sequence of layers 
from the surface down to rock or other underlying ma- 
terial. Each series contains two descriptions of the 
profile. The first is brief and in terms familiar to a lay- 
man. The second is more detailed and is included for 
those who need to make thorough and precise studies 
of soils. The profile described in the series is represen- 
tative for mapping units in that series. If the profile 
of a given mapping unit is different from the one de- 
scribed for the series, these differences are stated in 


describing the mapping unit, or they are differences 
that are apparent in the name of the mapping unit. 
Color terms are for dry soil unless otherwise stated. 

As mentioned in the section “How This Survey Was 
Made,” not all mapping units are members of a soil 
series. Badland, for example, does not belong to a soil 
series, but nevertheless, it is listed in alphabetic order 
along with the soil series. 

Preceding the name of each mapping unit is a sym- 
bol that identifies the mapping unit on the detailed 
soil map. Listed at the end of each description of a 
mapping unit is the capability unit and range site in 
which the mapping unit has been placed. The page 
where each capability unit, range site, or other inter- 
pretative group is described is listed in the “Guide to 
Mapping Units” at the back of this survey. 

The acreage and proportionate extent of each map- 
ping unit are shown in table 1. Many of the terms used 
in describing soils can be found in the Glossary, and 
more detailed information about the terminology and 
methods of soil mapping can be obtained from the 
Soil Survey Manual (7).* . 

Small areas of highly contrasting soils or special 
features, such as rock outcrops, that affect the use of 
soils are shown on the soil map by spot symbols. The 
spot symbols that are used are listed on the legend 
sheet under “Soil Survey Data.” Not all of the symbols 
listed are used on the map of Gove County. The sym- 


‘Italic numbers in parentheses refer to Literature Cited, p. 69. 


TABLE 1.—Acreage and proportionate extent of the soils 


Map symbol 


Soil name 


Angelus silt loam 
Bridgeport silt loam 


Dix soils, 6 to 40 percent slopes ------- 
Elkader silt loam, 1 to 3 percent slopes 


Harney silt loam, 0 to 1 percent slopes 
Harney silt loam, 1 to 8 percent slopes 
Inavale soils __-_. 
Keith silt loam, 0 percent s| 

Keith silt loam, 1 to 8 percent slopes 


Munjor-Bridgeport complex —_-. 
Munjor-Inavale complex -_-- 

Otero fine sandy loam, undulating -~--_ 
Penden clay loam, 3 to 6 percent slopes 
Pleasant silty clay loam, ponded ~_--__ 
Roxbury silt loam ~---_--_--_-__ 
Roxbury soils, frequently flooded 
Roxbury soils, channeled 
Ulysses silt loam, 0 to 1 percent slopes 


Campus-Canlon complex, 3 to 40 percent slopes 
Carlson-Campus complex, 1 to 3 percent slopes 
Caruso loam ~---------------------------. 


Elkader silt loam, 8 to 6 percent slopes —_-_. 
Elkader and Manvel silt loams, 6 to 15 percent slopes 


Kim-Penden clay loams, 6 to 15 percent slop 
Manvel silt loam, 1 to 3 percent slopes —---. 
Manvel-Badland complex, 6 to 40 percent slopes 
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bols that have been used on the map are discussed in 
the following paragraphs. 

Small areas of gravelly soils are shown within areas 
of nongravelly soils by the gravel symbol. Each symbol 
represents an area of less than 5 acres in size. These 
areas are generally more droughty and less productive 
than the areas of soil within which they are shown. 

Gumbo or scabby spots are shown with a symbol 
within mapped areas of other soils. These spots are 
all less than 5 acres in size and are generally less than 
1 acre. These spots consist of solodized-solonetz soils, 
some of which have been truncated by erosion. The 
surface layer is gray, leached, generally silty material 
overlying a B horizon that has columnar structure, 
dark color, and firm texture. Many of these spots are 
barren and unproductive even when in native grass. 
Where the leached surface layer has been removed by 
soil blowing, these spots appear as shallow depressions 
that hold water after rains. 

Rock outcrops are shown in areas of moderately deep 
and deep soils that do not normally have outcrops of 
bedrock. Each symbol represents an area less than 5 
acres in size. Rock outcrops interfere with tillage and 
with harvesting. They are also significant in the con- 
struction of conservation measures such as terraces 
and waterways. : 

Small areas of saline soils are shown within areas 
of nonsaline soils by a symbol. Each symbol represents 
an area less than 5 acres in size. These spots contain 
enough salts to have an adverse effect on some crops. 
In winter months they often have a thin surface crust 
of white salts deposited by the evaporation of ground 
water at the soil surface. 

Small areas containing significantly more sand than 
is normal for the mapping unit are shown with the 
sand spot symbol. Each symbol represents an area less 
than 5 acres in size. Water intake is generally higher 
than normal for the mapping unit, and fertility is 
lower than normal. Also the hazard of soil blowing is 
increased. 

Small severely eroded areas within areas that are 
uneroded or only slightly eroded are shown by the 
eroded symbol. Each symbol represents an area less 
than 5 acres in size. All or most of the original surface 
layer in these areas has been removed by erosion. Crop 
growth in these areas is generally poor because of low 
fertility and poor tilth. If clayey material has been 
exposed by erosion it is difficult to prepare a seedbed. 
If material that is high in lime has been exposed, iron 
chlorosis can affect sorghums. 

Wet spots are shown by a symbol within areas of 
drier soils. In these spots the water table is at or near 
the surface at least part of the year. Most of these 
spots are within areas of soils formed in alluvium, but 
some are on hillsides at ground water seeps. Most are 
within areas of native grass. They can be detected by 
changes in kind of vegetation and the higher produc- 
tion of vegetation. At some locations a livestock water 
supply has been developed using. ground water pits or 
spring development as a means, Shallow wells are also 
possible at some locations, but water yields may be 
low unless the aquifer is coarse textured. 

Borrow areas consist of small areas from which most 
of the original soil has been removed. Slopes are mainly 
less than 1 percent, but the area generally includes a 


narrow strip around the edge that has slopes of 30 
percent or more. The soil now consists of deep loess or 
old outwash materials ranging from silt loam to clay 
loam. In most places these areas have strong efferves- 
cence or violent effervescence and are moderately alka- 
line. The areas range from 2 to more than 30 acres in 
size. 

Small enclosed depressions are shown by a symbol 
within areas of well drained, nearly level and gently 
sloping soils. These areas are slightly concave and have 
no outlet for runoff. The soils in these depressions have 
slow permeability and are ponded after runoff-produc- 
ing rains. Cultivated crops and native plants are fre- 
quently damaged by ponded .water. Each symbol 
represents an area less than 5 acres in size. 


Angelus Series 


The Angelus series consists of deep, well drained 
soils that are strongly calcareous throughout. They are 
on terraces, fans, and high flood plains. These soils 
formed in strongly calcareous silty and loamy alluvium 
derived mainly from chalky shale and soft limestone. 
Slopes range from 0 to 2 percent. 

In a representative profile the surface layer is light 
brownish gray silt loam about 5 inches thick. The next 
layer is light brownish gray, friable heavy silt loam 
about 25 inches thick. The layer below that is light 
gray, stratified loam and silt loam 12 inches thick. The 
underlying material is very pale brown silt loam to a 
depth of about 60 inches. 

The available water capacity is high, and permea- 
bility is moderate. Runoff is slow. Angelus soils receive 
extra water as runoff from the adjacent upland, and 
some areas are occasionally flooded. Fertility is med- 
ium. 

Many areas of Angelus soils are in native grass, A 
few areas are cultivated. Wheat and sorghums are the 
main crops, but alfalfa is grown in a few places. 

Representative profile of Angelus silt loam, in na- 
tive grass, 1,188 feet east, 2,508 feet south of the north- 
west corner of sec. 17, T. 15 8., R. 28 W. 


A1—O0 to 5 inches; light brownish gray (10YR 6/2) silt 
loam, dark grayish brown CoYR 4/2) when 
moist; moderate fine granular structure; slightly 
hard when dry, friable when moist; many fine 
roots; porous; many very fine chalk fragments; 
strong effervescence; moderately alkaline; gradua. 
smooth boundary. 

AC—5 to 30 inches; light brownish gray (10YR 6/2) 
heavy silt loam, dark brown (10YR 4/3) when 
moist; moderate fine granular structure; slightly 
hard when dry, friable when moist; many worm 
casts; many roots; strong effervescence; moder- 
ately alkaline; gradual smooth boundary. 

Clca—30 to 42 inches; light gray (10YR 7/2), stratified 
loam and silt loam, brown (10YR 5/3) when 
moist; weak very fine granular structure or mas- 
sive; slightly hard when dry, friable when moist; 
few fine roots; porous; few soft fine calcium car- 
bonate accumulations and many fine chalk frag- 
ments; violent effervescence; moderately alkaline; 
gradual smooth boundary. 

C2—42 to 60 inches; very pale brown (10YR 7/8) silt 
loam, brown (10YR_ 5/3) when moist; massive; 
slightly hard when dry, friable when moist; por- 
ous; many very fine chalk fragments; few pockets 
of crystalline salts, probably gypsum; violent effer- 
vescence; moderately alkaline. 


GOVE COUNTY, KANSAS 9 


The Al horizon is 3 to 10 inches thick. It ranges from 
gray to pale brown. It is loam, silt loam, or silty clay loam; 
silt loam is dominant. The AC horizon is 5 to 25 inches 
thick. It ranges from grayish brown to pale yellow and from 
loam to silty clay loam; it is silt loam in most pedons, The 
Cca horizon is 10 to 20 inches thick. It ranges from light 
brownish gray to very pale brown and from loam to silty 
clay loam; it is dominantly silt loam. The C horizon ranges 
from light brownish gray to very pale brown and extends to 
a depth of about 60 inches. It is loam, silt loam, or silty 
clay loam. 

hese soils are weakly stratified in texture and color. In 
some pedons these soils have common faint, brownish mot- 
tles at a depth greater than 40 inches. 

Angelus soils are in positions similar to those of the 
Bridgeport and Roxbury soils. They are more limy than 
Bridgeport and Roxbury soils and have a thinner dark 
surface layer. 


An—<Angelus silt loam. This soil is nearly level and 
is on terraces, fans, and high flood plains. Slopes are 
0 to 2 percent. 

Included in mapping and identified on the soil map 
by appropriate symbols are a few small areas of sand, 
saline spots, and small depressions. 

This soil is used for native grass range and for cul- 
tivated crops. Wheat, sorghums, and alfalfa are the 
main crops. A few areas are irrigated. Sorghums, corn, 
wheat, and alfalfa are. the main irrigated crops. If 


irrigated, this soil is also suited to a tame grass mix- 
ture grown for hay or pasture. Soil blowing and occa- 
sional flooding are the main hazards. Some areas need 
protection from the runoff water from adjacent up- 
lands. Iron chlorosis of sorghums is also a problem 
because the soil has a high lime content. The main con- 
cerns of management are controlling soil blowing and 
conserving moisture. Effective management practices 
are stubble mulching and wind stripcropping. Range 
needs protection from overgrazing. . 

Good management of irrigated areas maintains soil 
fertility and uses water efficiently. Among the effec- 
tive management practices are proper crop residue use, 
fertilization, and a conservation cropping system, Land 
leveling is generally needed for surface irrigation. 
Lined ditches or surface or underground pipe are 
needed for more efficient use of water. Either surface 
or sprinkler irrigation can be used. Capability units 
IVw-3 dryland and IIIw-2 irrigated; Loamy Terrace 
range site. 


Badland 


Badland is mapped only in association with Manvel 
soils (fig. 6). It consists mainly of barren outcrops of 
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chalky shale and soft limestone. In places where soil 
material has accumulated over the bedrock are small 
areas of shallow highly calcareous soils. Slopes range 
Si 2 percent to near vertical escarpments of bed- 
rock. 

The available water capacity is low, and permea- 
bility is very slow. Runoff is rapid. Fertility is low. 

Badland is on topography similar to Canlon soils 
and formed in parent material similar to that in which 
Manvel and Elkader soils formed. Badland consists 
mainly of barren outcrops of chalky shale, rather than 
shallow soils over caliche such as Canlon soils, or deep 
soils such as Manvel and Elkader soils. 

Badland is only suitable for wildlife habitat and for 
scenic or recreation uses. It is favored for fossil hunt- 
ing because many vertebrate and invertebrate fossils 
can be collected from the chalk beds in these areas. 


Bridgeport Series 


The Bridgeport series consists of deep, well drained 
soils on terraces and alluvial fans along the larger 
streams. These soils formed in silty and loamy allu- 
vium. Slopes range from 0 to 2 percent. 

In a representative profile the surface layer is dark 
gray silt loam about 13 inches thick. The subsoil is 
light brownish gray, friable silt loam about 8 inches 
thick. The underlying material is light gray silt loam 
to a depth of about 60 inches. 

The available water capacity is high, and permea- 
bility is moderate. Runoff is slow. These soils receive 
extra water as runoff from the adjacent upland. Fer- 
tility is high. . 

‘Many areas of Bridgeport soils remain in native 
grass. Where the soils are cultivated, wheat and sor- 
ghums are the main ¢rops. : 

Representative profile of Bridgeport silt loam, in na- 
tive grass, 1,056 feet south, 1,584 feet west of the 
northeast corner of sec. 30, T. 14 S., R. 29 W. 


A1—0 to 13 inches; dark gray (10YR 4/1) silt loam, ver, 
dark grayish brown (10YR 3/2) when moist; mod- 
erate fine and very fine granular structure; 
slightly hard’ when dry, friable when moist; many 
fine roots; few worm casts; slight effervescence to 
within 5 inches of the surface; moderately alka- 
line; gradual smooth boundary. : 

B2—13 to 21 inches; light brownish gray (10YR 6/2) silt 
loam, dark grayish brown (10YR 4/2) when moist; 
weak medium subangular blocky structure; slightly 
hard when dry, friable when moist; many fine and 
very fine roots; many worm casts; strong efferves- 
cence; moderately alkaline; gradual smooth bound- 


ary. 

C—21 to 60 inches; light gray (10YR 7/2) silt loam, brown 
(10YR 5/3) when moist; massive; slightly hard 
when dry, friable when moist; few fine and very 
fine roots; common very fine pores; few films an 
soft masses of calcium carbonate; strong efferves- 
cence; moderately alkaline. 


The Al horizon is 6 to 15 inches thick. It ranges from 
dark gray to brown. It is dominantly silt loam but includes 
loam and sandy loam. It is moderately alkaline or mildly 
alkaline. The B2 horizon is 5 to 15 inches thick. It ranges 
from grayish brown to pale brown and from heavy loam to 
light silty clay loam; it is dominantly silt loam. The color 
and texture range of the C horizon is like the B2 horizon. 
Depth to calcareous material ranges from 0 to 15 inches, In 
some places sand and gravel are below a depth of 40 inches, 

The Bridgeport soils occur in positions similar to those of 
the Angelus and Roxbury soils. They are associated with 


Roxbury soils, channeled. They are darkened less deeply 
than Roxbury soils and contain less lime than Angelus soils. 
They are more uniform and less sloping than Roxbury soils, 
channeled. 

Br—Bridgeport silt loam. This soil is nearly level 
and is on terraces and alluvial fans along the larger 
streams in the county. It receives extra water as runoff 
from the adjacent uplands. Slopes are 0 to 2 percent, 
but in most places they are less than 1 percent. 

Included with this soil in mapping are small areas 
of Inavale and Munjor soils. Gravel, gumbo or scabby 
spots, rock outcrops, and small depressions are also in- 
cluded and are identified on the soil map by appropri- 
ate symbols. 

This soil is used for cultivated crops and for native 
grass. Wheat, sorghum, and alfalfa are the main dry- 
land crops. A few areas are irrigated. Sorghums, corn, 
wheat, and alfalfa are the main irrigated crops. If 
irrigated this soil is also suited to sugar beets and 
tame grasses grown for hay or pasture. When these 
soils are not protected by vegetation, soil blowing is a 
hazard. Some areas need protection from the runoff 
water from adjacent uplands. The main concerns of 
management are conserving moisture and controlling 
soil blowing. Effective management practices are stub- 
ble mulching and stripcropping. Range needs protec- 
tion for overgrazing. 

Good management of irrigated areas maintains fer- 
tility and uses water efficiently. Among the effective 
practices are proper crop residue use, fertilization, and 
a conservation cropping system. Land leveling is gen- 
erally needed for surface irrigation. Lined ditches or 
surface or underground pipe are needed for more effi- 
cient use of water. Either surface or sprinkler irriga- 
tion can be used. Capability units IIce-2 dryland and 
I-2 irrigated; Loamy Terrace range site. 


Campus Series 


The Campus series consists of moderately deep, well 
drained, calcareous soils on uplands. These soils formed 
in a thin layer of loess over clay loam or loam of the 
aeelee Formation. Slopes range from 1 to 10 per- 
cent. 

In a representative profile the surface layer is brown 
silty clay loam about 5 inches thick. The subsoil is 
brown, friable clay loam about 15 inches thick. The 
layer below that is white loam about 10 inches thick. 
The underlying material is white, partly consolidated 
caliche. 

The available water capacity is low, and permeabil- 
ity is moderate. Runoff is medium. Fertility is medium. 

Campus soils are used for native grass and for cul- 
tivated crops. Wheat and sorghums are the main crops. 

Representative profile of Campus silty clay loam, in 
an area of Carlson-Campus complex, 1 to 3 percent 
slopes, in a cultivated field, 980 feet south, 1,510 feet 
wet of the northeast corner of sec. 33, T. 15 S., R. 28 

Ap—0 to 5 inches; brown (10YR 5/8) silty clay loam, dark 
brown (10YR 38/3) when moist; moderate very 
fine granular structure; slightly hard when dry, 


friable when moist; many fine roots; strong effer- 
vescence; moderately alkaline; clear smooth bound- 


ary. 
B2—5 to 20 inches; brown (10YR 5/8) clay loam, dark 


GOVE COUNTY, KANSAS 11 


brown (10YR 4/3) when moist; moderate medium 
subangular blocky structure; slightly hard when 
dry, friable when moist; few fine roots; strong 
effervescence; moderately alkaline; gradual smooth 
boundary. 

Clca—20 to 30 inches; white (10YR 8/2) loam, very pale 
brown (10YR 7/3) when moist; massive; slightly 
hard when dry, friable when moist; many fine 
pores; violent effervescence; moderately alkaline; 
contains more than 25 percent calcium carbonate; 
gradual smooth boundary. 

C2—30 inches; partly consolidated, white (10YR 8/2) ca- 
liche that has clay loam soil material in fractures 
and between pebbles and fragments. 

The Al or Ap horizon is 5 to 12 inches thick. The Al or 
Ap horizon ranges from dark grayish brown to brown. The 
A horizon is mainly silty clay loam but ranges from loam to 
silty clay loam. The B2 horizon is 4 to 15 inches thick. It 
ranges from grayish brown to brown and is loam or clay 
loam. Depth to caliche beds or highly calcareous old allu- 
vium that contains many large concretions of calcium car- 
bonate is 20 to 40 inches. 

The Campus soils formed in material similar to that in 
which the Carlson, Kim, and Penden soils formed. They 
lack the well developed B horizon of Carlson soils. They 
have a more limy subsoil than Kim and Penden soils. 

Cc—Campus-Canlon complex, 3 to 40 percent slopes. 
This mapping unit is sloping to steep and is on up- 
lands. It is about 50 percent Campus silty clay loam, 
35 percent Canlon loam, and 15 percent rock outcrops. 
The Canlon soil is in all parts of the complex. The Cam- 
pus soil is on the crests and sides of ridges. Outcrops 
of caliche are common. Included in mapping are small 
areas of Kim and Penden soils along the upper slopes. 

This mapping unit is not suited to cultivated crops, 
It is used for native grass. The soils are shallow and 
moderately deep. Runoff is rapid. If the soils are not 
protected by vegetative cover, the hazard of erosion is 
severe. The main concern of management is controlling 
grazing. The native vegetation is mixed grasses that 
have a high percentage of sideoats grama. Capability 
unit VIIe-1 dryland; Campus part in Limy Upland 
range site, Canlon part in Shallow Limy range site. 


Canlon Series 


The Canlon series is mapped only in complex with 
Campus soils and consists of somewhat excessively 
drained soils, shallow to hard caliche, on the side of 
upland drainageways. These soils formed in a thin 
layer of loamy material that weathered from lime-ce- 
mented bedrock. Slopes range from 3 to 40 percent. 

In a representative profile the surface layer is light 
brownish gray loam about 4 inches thick. The layer 
below that is white and light gray, friable loam about 
4 inches thick. The underlying material is white loam. 
White, hard, massive caliche is at a depth of 15 inches. 

The available water capacity is low, and permeabil- 
ity is moderate above the caliche. Runoff is rapid. Fer- 
tility is medium. 

Canlon soils are used mainly for native grass. 

Representative profile of Canlon loam, in an area of 
Campus-Canlon complex, 3 to 40 percent slopes, in na- 
tive grass, 1,850 feet east, 900 feet south of the north- 
west corner of sec. 1, T. 13 S., R. 27 W. 

Al—O to 4 inches; light brownish gray (10YR 6/2) loam, 
dark grayish brown (10YR 4/2) when moist; mod- 
erate fine and very fine granular structure; 


slightly hard when dry, friable when moist; many 
fine and very fine roots; few worm casts; few frag- 


ments of caliche as large as 3/4 inch; strong effer- 
vescence; moderately alkaline; gradual smooth 
boundary. é 

AC—4 to 8 inches; white (10YR 8/2) and light gra: 
(10YR 7/2) loam, very pale brown (10YR ao! 
and grayish brown (10YR 5/2) when moist; wea 
fine and medium granular structure; slightly hard 
when dry, friable when moist; many fine and very 
fine roots; few worm casts; many fragments of 
caliche as large as.1%4 inches; violent effervescence; 
moderately alkaline; gradual smooth boundary. 

C—8 to 15 inches; white (10YR 8/2) loam, very pale 
brown (10YR 7/3) when moist; weak fine granu- 
lar structure; slightly hard when dry, friable when 
moist; few very fine roots; many fragments of 
caliche as large as 2% inches; violent effervescence; 
moderately alkaline; abrupt wavy boundary. 

R—15 inches; white hard caliche. 

The Al horizon is 3 to 6 inches thick and ranges from 
very dark grayish brown to brown, The A horizon ranges 
from clay loam to sandy loam but is dominantly loam. The 
AC horizon is 3 to 6 inches thick and ranges from light 
brownish gray to white. It is dominantly loam, but it is 
sandy loam in some places. Depth to highly calcareous 
caliche or mortar beds ranges from 10 to 20 inches. 

All horizons contain variable amounts of coarse sand, 
gravel, and gravel-size pieces of broken caliche or mortar 

eds. 


Canlon soils are on topography similar to that of Dix 
soils and Badland. They contain less gravel and are not so 
deep as Dix soils. They formed over caliche, whereas Bad- 
land formed over chalk. 


Carlson Series 


The Carlson series consists of deep, well drained soils 
on uplands. These soils formed in silty and clayey 
loess over highly calcareous old alluvial deposits. 
Slopes range from 1 to 8 percent. 

In a representative profile the surface layer is dark 
grayish brown silt loam about 10 inches thick. The 
subsoil is brown, firm clay loam about 9 inches thick. 
The underlying material is white loam; it extends to a 
depth of 60 inches. 

The available water capacity is high, and permea- 
ae a moderately slow. Runoff is medium. Fertility 
is high. 

Carlson soils are used for native grass and for cul- 
tivated crops. Wheat and sorghums are the main crops. 

Representative profile of Carlson silt loam, in an 
area of Carlson-Campus complex, 1 to 8 percent slopes, 
in native grass, 1,740 feet north, 80 feet east of the 
southwest corner of sec. 12, T. 18 S., R. 26 W. 


A1l—0 to 10 inches; dark grayish brown (10YR 4/2) silt 
loam, very dark grayish brown (10YR 38/2) when 
moist; moderate medium granular structure; 
slightly hard when dry, friable when moist; man: 
fine roots; mildly alkaline; gradual smooth bound- 


ary. 
B2t—10 to 19 inches; brown (10YR 5/8) heavy clay loam 
that contains a few fine gravel, dark grayish brown 
{10YR 4/2) when moist; moderate medium pris- 
matic structure breaking to moderate fine suban- 
gular blocky; hard when dry, firm when moist; few 
fine roots; mildly alkaline; gradual smooth boun- 


ary. 
Clca—19 to 60 inches; white (10YR 8/2) loam, pale brown 
(10YR 6/3) when moist; massive; soft when dry, 
very friable when moist; violent effervescence; 
more than 35 percent lime, by volume; moderately 
alkaline; few fine roots; gradual smooth boundary. 


The A horizon is 4 to 10 inches thick. It ranges from dark 
grayish brown to brown and is silt loam or light silty clay 
loam. The B2t horizon is 6 to 14 inches thick. The upper 
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part of the B2t horizon ranges from dark grayish brown to 
ale brown. The B2t horizon is silty clay loam, heavy clay 
loam, or silty clay. The C horizon is pale brown to white to 
a depth of 60 inches, It is loam, clay loam, or silty clay 
loam, but nonconforming sandier layers are below a depth of 
40 inches in some pedons. Depth to calcareous material is 
12 to 18 inches ‘and to the Cca horizon that contains 20 to 
40 percent carbonates, by volume, is 30 inches or less. 
arlson soils dre associated with Campus and Harne 

soils. They have a thicker profile and a more clayey subsoi 
than Campus soils. They have unconsolidated caliche beds 
or highly calcareous alluvial deposits that contain many 
large concretions in the lower horizons which Harney soils 
lack. 


Cd—Carlson-Campus complex, 1 to 3 percent slopes. 
This mapping unit is gently sloping aan is on convex 
ridgetops. It is about 55 percent Carlson silt loam and 
45 percent Campus silty clay loam. The Campus soils 
are on small knolls that have Carlson soils surround- 
ing them. 

Included in mapping are a few small areas of Harney 
and Penden soils in areas that are deeper to the highly 
calcareous material. Also included are a few small 
areas of soils that have a gravelly surface layer. Areas 
of caliche outcrops are included and identified on the 
soil map by the appropriate symbol. 

This mapping unit is not well suited to irrigation. 
It is used for native grass and for cultivated crops. 
Wheat and sorghums are the main crops. When this 
soil is not protected by vegetative cover, water erosion 
and soil blowing are hazards. Slopes are 1 to 3 percent 
and cuts for land leveling may expose the caliche 
layers. The underlying caliche may be exposed by se- 
vere erosion causing permanent damage to the soils. 
The main concerns of management are conserving 
moisture and controlling water erosion and soil blow- 
ing. Effective management practices are terracing, 
stubble mulching, and contour farming. Controlled 
grazing prevents overuse on native grass, Capability 
unit I[Ie-1 dryland; Carlson part in Loamy Upland 
range site, Campus part in Limy Upland range site. 


Caruso Series 


The Caruso series consists of deep, moderately well 
drained to somewhat poorly drained soils on flood 
plains of the Smoky Hill River and some of the larger 
tributary streams. These soils formed in stratified 
loamy alluvium. Slopes range from 0 to 1 percent. 

In a representative profile the surface layer is gray- 
ish brown loam about 19 inches thick. The underlying 
material is stratified in texture and color; it ranges 
from gray to light brownish gray and from sandy 
loam to silt loam. It extends to a depth of 60 inches. 
A few faint brown mottles are at a depth of 29 inches 
and become more numerous and distinct with depth. 

The available water capacity is high, and permea- 
bility is moderate, Runoff is slow. These soils are oc- 
casionally flooded. Fertility is medium. 

Caruso soils are used for native grass and for culti- 
vated crops. Sorghums and alfalfa are the main crops. 

Representative profile of Caruso loam, in a cultivated 
field, 530 feet south, 1,000 feet east of the northwest 
corner of sec. 26, T, 18 S., R. 26 W. 

A to 6 inches; grayish brown (10YR 5/2) loam, ver 
saa dark grayish brown (10YR Wey Eee nana weak 
very fine granular structure; slightly hard when 


dry, friable when moist; few roots; strong effer- 
vescence; moderately alkaline; abrupt smooth 
boundary: 

A12—6 to 11 inches; grayish brown (10YR 5/2) loam, ver: 
dark grayish brown (10YR 3/2) when moist; mod- 
erate fine granular structure; slightly hard when 
dry, friable when moist; few worm casts; few 
fine roots; strong effervescence; moderately alka- 
line; clear smooth boundary, 

A18—11 to 19 inches; grayish brown (10YR 5/2) loam, 
very dark grayish brown (10YR 3/2) when moist; 
moderate medium subangular blocky structure; 
slightly hard when dry, friable when moist; many 
worm casts; few fine roots; strong effervescence; 
moderately alkaline; gradual smooth boundary. 

C1—19 to 29 inches; gray (10YR 6/1) silt loam, dark 
grayish brown (10YR 4/2) when moist; moderate 
fine subangular blocky structure; slightly hard 
when dry, friable when moist; many worm casts; 
few fine roots; strong effervescence; moderately 
alkaline; gradual smooth boundary. 

C2—29 to 41 inches; gray (10YR 6/1) loam, dark grayish 
brown (10YR 4/2) when moist; moderate fine sub- 
angular blocky structure; slightly hard when dry, 
friable when moist; few faint brown mottles; few 
fine roots; strong effervescence; moderately alka- 
line; gradual smooth boundary. 

C3—41 to 48 inches; light brownish gray (10YR 6/2) silt 
loam, dark grayish brown (10YR 4/2) when moist; 
weak fine subangular blocky structure; slightly 
hard when dry, friable when moist; many worm 
casts; common fine distinct brown mottles; 
strong effervescence; moderately alkaline; grad- 
ual smooth boundary. 

C4—48 to 60 inches; light gray (10YR 7/2) sandy loam 
that has thin strata of loam and silt loam, brown 
(10YR 5/3) when moist; massive; soft when dry, 
friable when moist; common fine distinct brown 
mottles; strong effervescence; moderately alkaline; 
saturated with water at a depth of about 65 inches 
when described. 


The A horizon is 7 to 20 inches thick. It ranges from very 
dark gray to grayish brown and from sandy loam to silt 
loam; loam is most common. It is mildly alkaline to moder- 
ately alkaline. The C horizon has strata ranging from gray- 
ish brown to very pale brown and from loamy sand to silt 
loam; the average texture is loam or clay loam. It is mod- 
erately alkaline. 

These soils are typically calcareous throughout the pro- 
file but may be noncalcareous to a depth of 10 inches in 
some profiles, 

The Caruso soils occur in positions similar to those of the 
Inavale and Munjor soils. They are less well drained and 
less sandy than Inavale and Munjor soils. 


Cr—Caruso loam. This soil is nearly level and is on 
flood plains along some of the larger streams in the 
county. Slopes are 0 to 1 percent. 

Included with this soil in mapping are small areas 
of Inavale soils on small ridges and narrow stream 
channels. Gravel pits are included and are identified 
on the soil map by appropriate symbols. 

This soil is used for cultivated crops and for native 
grass. Wheat, sorghums, and alfalfa are the main dry- 
land crops. The soil is suited to tame grasses grown 
for hay or pasture. A few areas are irrigated. Sor- 
ghums, corn, wheat, and alfalfa are the main irrigated 
crops. Soil blowing, a fluctuating water table, salinity, 
and flooding are the main hazards. The main concerns 
of management are controlling soil blowing and con- 
serving moisture. Stubble mulching to keep crop resi- 
dues on the surface conserves moisture and prevents 
soil blowing. Stripcropping is also desirable on the lar- 
ger areas. Range needs protection from overgrazing. 

Good management on irrigated areas maintains fer- 
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tility and uses water efficiently. Using good quality 
water is particularly important because of the water 
table. Salinity may be increased by applications of poor 
quality water, and sufficient leaching may be difficult 
or impossible to accomplish. Also, the water table may 
be raised by the application of too much water. Among 
effective management practices are crop residue use, 
fertilization, and a conservation cropping system. Land 
leveling is generally needed for surface irrigation. 
Lined ditches or surface or underground pipes are 
needed for more efficient use of water. Either surface 
or sprinkler irrigation systems are satisfactory. Capa- 
bility units IIIw-1 dryland and IIIw-1 irrigated; Sa- 
line Subirrigated range site. 


Dix Series 


The Dix series consists of excessively drained soils 
that are shallow to sand and gravel. These soils formed 
on uplands in coarse textured old outwash and terrace 
deposits. Slopes range from 6 to 40 percent. 

In a representative profile the surface layer is gray- 
ish brown gravelly sandy loam about 6 inches thick. 
The layer below that is grayish brown, very friable 
gravelly loamy sand about 5 inches thick. The under- 
lying material is stratified light brownish gray and 
pale brown gravelly loamy sand and mixed sand and 
gravel; it extends to a depth of about 60 inches. 

The available water capacity is low, and permeabil- 
ity is rapid. Runoff is medium. Fertility is low. 

These soils are not suited to cultivated crops. They 
are used for native grass. 

Representative profile of Dix gravelly sandy loam, 
in an area of Dix soils, 6 to 40 percent slopes, in native 
grass, 530 feet north, 2,500 feet west of the southeast 
corner of sec. 19, T. 15 S., R. 28 W. 


A1—0 to 6 inches; grayish brown (10YR 5/2) gravelly 
sandy loam, very dark grayish brown (10YR 3/2) 
when moist; weak fine granular structure; soft 
when dry, very friable when moist; mildly alka- 
line; gradual smooth boundary. 

AC—6 to 11 inches; grayish brown (10YR 5/2) gravell 
loamy sand, very dark grayish brown (10YR 3/2 
when moist; weak coarse prismatic structure; 
soft when dry, very friable when moist; slight ef- 
fervescence; mildly alkaline; gradual smooth 


boundary. 

IIC1—11 to 16 inches; light brownish gray (10YR 6/2) 
gravelly loamy sand, dark grayish brown (10YR 
4/2) when moist; single grained; loose; strong 
effervescence; moderately alkaline; gradual 
smooth boundary. 

TIC2—16 to 60 inches; pale brown (10YR 6/3) mixed sand 
and gravel; single grained; loose; strong effer- 
vescence; moderately alkaline. 


The Al and AC horizons combined are 8 to 15 inches 
thick. They range from dark grayish brown to brown and 
from loam to loamy sand that has varying amounts of gra- 
vel. The Al and AC horizons are mildly alkaline to moder- 
ately alkaline. The IIC horizon has strata ranging from 
sandy loam to sand with varying amounts of gravel. 

P These soils are typically calcareous at or near the sur- 
a 


ce. 

The Dix soils occur in positions similar to those of Canlon 
soils and are associated with Otero soils. They are coarser 
textured than Canlon and Otero soils. They are underlain 
by sand and gravel rather than caliche as are Canlon soils. 

Dx—Dix soils, 6 to 40 percent slopes. These soils are 
sloping to steep and are on knobs and broken sides of 
drainageways. The surface layer ranges from gravelly 


loam to gravelly loamy sand; gravelly sandy loam is 
most common. 

Included in mapping are small areas of Canlon, Kim, 
Penden, Otero, and Ulysses soils. Gravel pits are in- 
cluded and identified on the soil map by appropriate 
symbols. 

This mapping unit is used for native grass. The un- 
favorable slopes, fertility, and low available water 
capacity make cultivation impractical. The native ve- 
getation is mixed mid grasses, tall grasses, and short 
grasses with many annuals and some small soapweed. 
These soils are unstable and need protection from over- 
grazing. Capability unit VIIs-1 dryland; Gravelly 
Hills range site. 


Elkader Series 


The Elkader series consists of deep, well drained 
soils on uplands. These soils formed in silty materials 
weathered from soft limestone or chalky shale modi- 
fied by varying amounts of silty eolian materials. 
Slopes range from 1 to 15 percent. The native vegeta- 
tion was mainly mid grasses and short grasses with a 
high proportion of sideoats grama. 

In a representative profile the surface layer is gray- 
ish brown silt loam about 9 inches thick. The subsoil 
is light brownish gray, friable silt loam about 11 inches 
thick. The underlying material is very pale brown silt 
loam to a depth of about 60 inches. 

The available water capacity is high, and permeabil- 
ity is moderate. Runoff is slow to rapid depending on 
slope. Fertility is medium. 

These soils are used for native grass and for culti- 
vated crops. Wheat and sorghums are the main crops. 

Representative profile of Elkader silt loam, 1 to 3 
percent slopes, in native grass, 792 feet west, 264 feet 
north of the southeast corner of sec. 8, T. 15 S., R 28 W. 


A1—0 to 9 inches; grayish brown (10YR 5/2) silt loam, 
very dark grayish brown (10YR 3/2) when moist; 
moderate fine and medium granular structure; 
slightly hard when dry, friable when moist; many 
fine and very fine roots; many worm casts; strong 
effervescence; moderately alkaline; clear smooth 
boundary. 

B2—9 to 20 inches; light brownish gray (10YR 6/2) silt 
loam, dark grayish brown (10YR 4/2) when moist; 
weak very fine and fine subangular blocky struc- 
ture; slightly hard when dry, friable when moist; 
many very fine roots; many worm casts; few ve 
fine chalk fragments; violent effervescence; mod- 
erately alkaline; gradual smooth boundary. 

Ci—20 to 36 inches; very pale brown (10YR 7/8) silt 
loam, yellowish brown (10YR 5/4) when moist; 
weak very fine granular and weak fine subangular 
blocky structure; few worm casts; violent effer- 
vescence; few very fine chalk fragments; moder- 
ately alkaline; gradual smooth boundary. 

C2—36 to 60 inches; very pale brown (10YR 7/8) silt 
loam, pale brown (10YR 6/3) when moist; mas- 
sive; slightly hard when dry, friable when moist; 
very few fine roots; violent effervescence; few very 
fine chalk fragments; moderately alkaline. 


The Al horizon is 5 to 20 inches thick. It ranges from 
dark grayish brown to brown and is silt loam or light silty 
clay loam. The B2 horizon is 8 to 12 inches thick. It ranges 
from dark brown to olive yellow and is silt loam or light 
silty clay loam. The C horizon extends to a depth of about 
60 inches. It ranges from pale brown to yellow and is silt 
loam or light silty clay loam. Fine fragments of chalk or 
soft limestone are evident in most places. Calcareous bed- 
rock is at a depth of more than 40 inches. 


14 SOIL SURVEY 


Elkader soils contain more lime than the associated Ulys- 
ses soils. They have a thicker, dark surface layer and con- 
tain less lime than the associated Manvel soils. They are 
deeper over chalky shale than the associated Badland. 


Eb—Elkader silt loam, 1 to 3 percent slopes. This 
soil is gently sloping and is in broad areas below the 
table land. It has the profile described as representa- 
tive of the series. : 

Included with this soil in mapping are small areas 
of Ulysses and Manvel soils. The Ulysses soils border 
the table land and the Manvel soils are in areas of 
broken slopes. 

This soil is suited to irrigation, If irrigated it is 
suited to sorghums, corn, wheat, alfalfa, and tame 
grasses grown for hay or pasture. It is used for culti- 
vated crops and for native grass. Wheat and sorghums 
are the main dryland crops. Sorghums tend to develop 
iron chlorosis when young, but some varieties are more 
resistant than others. When this soil is not protected 
by vegetation, it is susceptible to soil blowing and wa- 
ter erosion. The main concerns of management are con- 
serving moisture and controlling soil blowing and 
water erosion. Effective management practices are ter- 
racing, contour farming, and stubble mulching. Native 
grass needs protection from overuse. 

Good management of irrigated areas maintains fer- 
tility, uses water efficiently, and controls erosion. 
Among the effective methods of achieving this are pro- 
per crop residue use, fertilization, and a conservation 
cropping system. Land leveling is needed for surface- 
irrigated areas. Terracing conserves water and reduces 
erosion in sprinkler-irrigated areas. When sprinkler 
irrigation is used, good management of crop residues 
is essential to control erosion. Surface or underground 
pipe is generally needed for the proper distribution 
and efficient use of water. Either surface or sprinkler 
irrigation can be used on this soil, but the design is 
more complex and costs are higher than on soils that 
are more nearly level. Capability units IIIe-1 dryland 
and IIe-1 irrigated; Limy Upland range site. 

Ec—Elkader silt loam, 3 to 6 percent slopes. This 
soil is gently sloping to sloping and is in broad areas 
below the table land. 

Included with this soil in mapping are small areas of 
Ulysses and Manvel soils. The Ulysses soils border the 
table land, and the Manvel soils are in areas of broken 
slopes. Rock outcrops, gravel spots, and severely eroded 
spots are included and are identified on the soil map by 
appropriate symbols. 

This soil is used for native grass and for cultivated 
crops. Wheat and sorghums are the main dryland 
crops. Sorghums tend to be chlorotic on this soil, but 
some varieties are more resistant to the condition than 
others. When this soil is not protected by vegetation, 
it is susceptible to water erosion and soil blowing. The 
main concerns of management are conserving moisture 
and controlling water erosion and soil blowing. Effec- 
tive management practices are seeding with a mixture 
of native grasses, terracing, contour farming, and 
stubble mulching. Native grass needs protection from 
overuse. Capability unit [Ve-1 dryland; Limy Upland 
range site, 

Ed—Elkader and Manvel silt loams, 6 to 15 percent 
slopes. These soils are sloping to strongly sloping and 
are on sides of upland drainageways. Individual areas 


are composed of Elkader silt loam, Manvel silt loam, 
or a mixture of the two. The total acreage is about 45 
percent Elkader soil and 35 percent Manvel soil. The 
Elkader soil is in the less sloping areas, and the Man- 
vel soil is in the more sloping, broken areas. 

Included in mapping are small areas of less sloping 
Ulysses soils. Rock outcrops, gravel pits, and severely 
eroded spots are included and are identified on the soil 
map by appropriate symbols. 

his mapping unit is not well suited to cultivated 
crops because there is a severe hazard of erosion. It is 
used mainly for native grass. A few small areas are 
cultivated along with fields of less strongly sloping 
soils. Good management includes seeding cultivated 
areas to a mixture of native grasses and controlling 
grazing to prevent overuse. Capability unit VIe-1 dry- 
land; Elkader part in Limy Upland range site, Manvel 
part in Chalk Flats range site. 


Harney Series 


The Harney series consists of deep, well drained 
soils on uplands. These soils formed in silty and clayey 
loess. Slopes range from 0 to 3 percent. 

In a representative profile the surface layer is gray- 
ish brown silt loam about 10 inches thick. The subsoil 
is about 18 inches thick. In the upper 5 inches it is 
grayish brown, friable silty clay loam; the middle 9 
inches is pale brown, friable heavy silty clay loam; 
and the lower 4 inches is pale brown, firm silty clay 
loam. The underlying material is light gray silt loam 
to a depth of 60 inches. 

The available water capacity is high, and permea- 
pity is moderately slow. Runoff is slow. Fertility is 

igh. 

Harney soils are used for native grass and for cul- 
tivated crops. Wheat and sorghums are the main crops. 

Representative profile of Harney silt loam, 0 to 1 
percent slopes, in a cultivated field, 390 feet west, 75 
eg of the southeast corner of sec. 19, T. 11 S., 


Ap—0 to 4 inches; grayish brown (10YR 5/2) silt loam, 
very dark grayish brown (10YR 3/2) when moist; 
weak very fine granular structure; slightly hard 
when dry, friable when moist; few e roots; 
slightly acid; clear smooth boundary. 

A12—4 to 10 inches; grayish brown (10YR 5/2) silt loam, 
very dark grayish brown (10YR 8/2) when moist; 
moderate fine and very fine granular structure; 
slightly hard when dry, friable when moist; few 
fine roots; slightly acid; gradual smooth bound- 


ary. 

Bi—10 to 15 inches; grayish brown (10YR 5/2) ‘silty clay 
loam; dark grayish brown (10YR 4/2) when 
moist; moderate very fine subangular blocky struc- 
ture; slightly hard when dry, friable when moist; 
neutral; gradual smooth boundary. 

B21t—15 to 24 inches; pale brown (10YR 6/3) heavy silt; 
clay loam, brown (10YR 5/3) when moist; mod- 
erate very fine subangular blocky structure; hard 
when dry, friable when moist; few fine roots; neu- 
tral; gradual smooth boundary. 

B38—24 to 28 inches; pale brown (10YR 6/3) silty clay 
loam, brown (10YR 5/3) when moist; moderate 
fine and medium subangular blocky structure; hard 
when dry, firm when moist; few fine roots; neu- 
tral; clear smooth boundary. 

Cca—28 to 60 inches; light gray (10YR 7/2) silt loam, 
light brownish gray (10YR 6/2) when moist; mas- 
sive; porous, slightly hard when dry, friable when 
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moist; strong effervescence; moderately alkaline; 
comamon films and soft masses of calcium carbo- 
nate. 


The Ap and Al horizons combined are 6 to 15 inches 
thick. They range from dark grayish brown to brown and 
are silt loam or light silty clay loam. The A horizon is 
slightly acid or neutral, The B1 horizon is 3 to 6 inches 
thick and ranges from dark grayish brown to brown. The 
Bt horizon is 8 to 16 inches thick and is silty clay loam or 
silty clay. The upper part of the Bt horizon ranges from 
dark grayish brown to brown and the lower part from dark 
grayish brown to pale brown. The B3 horizon is 4 to 8 inches 
thick and is light brownish gray to very pale brown. In most 
places the lower part of the B horizon contains free carbo- 
nates, generally in visible form. The B horizon is neutral to 
moderately alkaline. Depth to calcareous material ranges 
from 18 to 30 inches. 

The Harney soils are associated with Carlson and Plea- 
sant soils and are in positions similar to those of the Keith 
soils, They lack the substratum of unconsolidated caliche 
or the many large lime concretions that are characteristic 
of Carlson soils. They have a more clayey Bt horizon than 
Keith soils and a less clayey Bt horizon than Pleasant soils. 


Ha—Harney silt loam, 0 to 1 percent slopes. This 
soil is nearly level and is on broad ridgetops. It has the 
profile described as representative of the series. 

Included with this soil in mapping are a few small 
areas of Keith soils at a slightly higher elevation and 
Pleasant soils in small depressions.. The small depres- 
foe are identified on the soil map by appropriate sym- 

ols. 

If irrigated, this soil is suited to sorghums, corn, 
wheat, alfalfa, sugar beets, and tame grasses grown 
for hay or pasture. It is used mainly for cultivated 
crops. A few areas are in native grass, and some areas 
are irrigated. Wheat and sorghums are the main dry- 
land crops. When this soil is not protected by vegeta- 
tive cover, soil blowing is a hazard. The main concerns 
of management are conserving moisture and control- 
ling soil blowing. Effective management practices are 
stubble mulching (fig. 7) and contour farming. Ter- 
races control runoff and conserve moisture. Grazing 
needs to be controlled to prevent overuse of native 
grass areas. 

Good management of irrigated areas maintains fer- 
tility and uses water efficiently. Among the effective 
management practices are proper crop residue use, 
fertilization, and the use of a conservation cropping 
system. Most areas need land leveling for efficient 
surface irrigation. Lined ditches or surface or under- 
ground pipe provide for more efficient use of water. 
Either surface or sprinkler irrigation can be used. The 
moderately slow permeability causes some difficulty if 
sprinkler systems are used; if self-propelled circular 
systems are used, the period of application is not long 
enough. Capability units IIc-l dryland and I-38 irri- 
gated; Loamy Upland range site. 

Hb—Harney silt loam, 1 to 3 percent slopes. This 
soil is gently sloping and is on side slopes and convex 
ridgetops between upland drainageways. 

Included with this soil in mapping are a few small 
areas of Keith soils at a slightly higher elevation and 
Ulysses soils along small drainageways. Small depres- 
sions, rock outcrops, and severely eroded spots are in- 
cluded and identified on the soil map by appropriate 
symbols, 

If irrigated, this soil is suited to sorghums, corn, 


Figure 7.—Stubble mulch on Harney silt loam. The stubble helps 
hold snow on the land. 


wheat, alfalfa, and tame grasses grown for hay or 
pasture. It is used mainly for cultivated crops. Some 
areas remain in native grass, and a few areas are ir-- 
rigated. Wheat and sorghums are the main dryland 
crops. When this soil is not protected by vegetative 
cover, water erosion and soil blowing are hazards. The 
main concerns of management are conserving mois- 
ture and controlling water erosion and soil blowing. 
Effective management practices are terracing, stubble 
mulching, and contour farming. Controlled grazing 
prevents overuse of native grass. : 

Good management of irrigated areas controls ero- 
sion, maintains fertility, and uses water efficiently. 
Among effective practices are fertilization, crop resi- 
due use, and use of a conservation cropping system. 
Land leveling is needed for surface irrigation. Terrac- 
ing controls erosion and conserves moisture in sprink- 
ler-irrigated areas. When sprinkler irrigation is used, 
good management of crop residues is essential to con- 
trol erosion. Surface or underground pipe is generally 
needed for proper distribution and efficient use of wa- 
ter. Either surface or sprinkler irrigation can be used, 
but the design is more complex and generally costs are 
higher than on more nearly level soils. Capability units 
TIe-1 dryland and IIe-2 irrigated; Loamy Upland 
range site, 
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Inavale Series 


The Inavale series consists of deep, somewhat ex- 
cessively drained soils on flood plains along the Smoky 
Hill River and some of the larger tributary streams. 
The topography of uneven microrelief was caused by 
old meandering stream channels. These soils formed in 
stratified, calcareous sandy alluvium that contains 
some gravel. Slopes are mainly less than 1 percent. 

In a representative profile the surface layer is light 
brownish gray loamy sand about 7 inches thick. The 
layer below that is light gray loamy sand about 11 
inches thick. The underlying material is light gray 
loamy coarse sand to a depth of 60 inches. 

The available water capacity is low, and permeabil- 
ity is rapid. Runoff is slow. These soils are frequently 
or occasionally flooded. Fertility is low. 

Inavale soils are not well suited to cultivated crops. 
They are used mainly for native grass. Some areas of 
these soils that are mapped with Munjor soils are used 
for cultivated crops. 

Representative profile of Inavale loamy sand, in an 
area of Inavale soils, in native grass, 2,700 feet north, 
200 feet east.of the southwest corner of sec. 16, T. 15 
S., R. 28 W. 

A1l—0 to 7 inches; light brownish gray (10YR 6/2) loamy 
sand, grayish brown (10YR 5/2) when moist; 
weak coarse granular structure; soft when dry, 
very friable when moist; many fine and very fine 
roots; strong effervescence; moderately alkaline; 
gradual smooth boundary. 

AC—7 to 18 inches; light gray (10YR 7/2) loamy sand, 
grayish brown (10YR 5/2) when moist; single 
grained; loose; few fine and very fine roots; few 
pebbles as large as 3 centimeters; strong effer- 
vescence; moderately alkaline; clear smooth bound- 


ary. 
C—18 to 60 inches; light gray (10YR 7/2) loamy coarse 
sand, light brownish gray (10YR 6/2) when moist; 

single grained; loose; few pebbles as large as 3 
centimeters; few thin strata of finer textured ma- 

terial; strong effervescence; moderately alkaline. 

The Al horizon is 4 to 8 inches thick. It. ranges from 
grayish brown to light yellowish brown and from loam to 
sand; loamy sand is most common. The A horizon is mildly 
alkaline or moderately alkaline. The C horizon is variable in 
texture, depending on the character of the materials. It has 
strata ranging from sand to clay loam; the average texture 
is loamy sand or sand. The C horizon is moderately alkaline. 
These soils are typically calcareous throughout, but they 
are noncalcareous to a depth of 5 inches in some places, 
Some pebbles are typical throughout the profile. 

The Inavale soils occur in positions similar to those of 
the finer textured Caruso and Munjor soils. They lack the 
high water table of Caruso soils. 

In—Inavale soils. These soils are nearly level and 

are on flood plains along the Smoky Hill River and the 
larger tributary streams in the county. They are sub- 
ject to frequent flooding. Slopes range from 0 to 2 per- 
cent, but in most places they are less than 1 percent. 
The surface layer ranges from loam to sand, but loamy 
sand is most common. In most areas as much as 20 
percent is soil that is similar to Inavale loamy sand 
but has thin strata of loam or sandy loam, 8 to 15 
inches thick, in the underlying material. . 
_ Included in mapping are small areas of Munjor sandy 
loam and riverwash sand and gravel. Gravel pits and 
wet spots are included and are identified on the soil 
map by the appropriate symbol. Each symbol repre- 
sents an area less than 8 acres in size. 


This mapping unit is not suited to cultivated crops. 
It is used mainly for native grass. It produces only 
sparse stands of short grasses, annuals, and sagebrush. 
In some places there are a few cottonwoods and willows. 
Frequent flooding and the resultant scouring and de- 
position and the low available water capacity are the 
main limitations. These soils are unstable and need 
protection from overgrazing. Capability unit VIe-2 
dryland; Sandy Lowland range site. 


Keith Series 


The Keith series consists of deep, well drained soils 
on uplands. These soils formed in calcareous silty loess. 
Slopes range from 0 to 8 percent. 

In a representative profile (fig. 8) the surface layer 
is dark grayish brown silt loam about 7 inches thick. 
The subsoil is about 15 inches thick. The upper 5 inches 
is dark grayish brown, friable silt loam, and the lower 
part is grayish brown, friable silty clay loam. The un- 
derlying material is very pale brown silt loam to a 
depth of 60 inches. 

The available water capacity is high, and permeabil- 
ee My moderate, Runoff is slow to medium. Fertility is 

igh. 

Keith soils are used for native grass and for culti- 
vated crops. Wheat and sorghums are the main crops. 

Representative profile of Keith silt loam, 0 to 1 per- 


Figure 8.—A profile of Keith silt loam. 
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cent slopes, in a cultivated field, 1,200 feet south, 2,615 
feet on of the northwest corner of sec, 18, T. 12 S., 
R. 3 i 


Al—0 to 7 inches; dark grayish brown (10YR 4/2) silt 
loam, very dark grayish brown (10YR 3/2) when 
moist; weak very fine granular structure; slightly 
hard when dry, friable when.moist; many fine 
roots; few worm casts; neutral; clear smooth 
boundary. 

B1—7 to 12 inches; dark grayish brown (10YR 4/2) heavy 
silt loam, very dark grayish brown (10YR 3/2) 
when moist; moderate fine subangular blocky 
structure; slightly hard when dry, friable when 
moist; many fine roots; few worm casts; mildly 
alkaline; gradual smooth boundary. 

B21t—12 to 17 inches; grayish brown (10YR 5/2) silty 
clay loam, very dark grayish brown (10YR 3/2) 
when moist; moderate fine subangular blocky 
structure; slightly hard when dry, friable when 
moist; few fine roots; mildly alkaline; gradual 
smooth boundary. 

B22t—17 to 22 inches; grayish brown (10YR 5/2) silty 
clay loam, dark grayish brown (10YR 4/2) when 
moist; moderate fine and very fine subangular 
blocky structure; slightly hard when dry, friable 
when moist; few fine roots; mildly alkaline; clear 


smooth boundary. 

Clea—22 to 38 inches; very pale brown (10YR 8/3) silt 
loam, Pale brown (10YR 6/3) when moist; mas- 
sive; slightly hard when dry, friable when moist; 
few fine roots; strong effervescence; thin discon- 
tinuous films of secondary lime; moderately alka- 
line; gradual smooth boundary. 

C2—38 to 60 inches; very pale brown (10YR 8/38) silt 
loam, pale brown (10YR 6/3) when moist; mas- 
sive; soft when dry, very friable when moist; 
strong effervescence; moderately alkaline. 

The Al horizon is 6 to 11 inches thick and ranges from 
dark gray to grayish brown. It is neutral or mildly alka- 
line. The B1 horizon is 3 to 5 inches thick and ranges from 
dark grayish brown to brown, It is neutral or mil ly alka- 
line, The B2t horizon is 10 to 17 inches thick. It is silty clay 
loam or silt loam. The upper part of the B2t horizon ranges 
from dark grayish brown to brown and the lower part from 
grayish brown to pale brown. The B2 horizon is mildly alka- 
line or moderately alkaline. The C horizon ranges from 
light brownish gray to very pale brown. Depth to the cal- 
careous material ranges from 15 to 30 inches. The C hori- 
zon is silt loam or light silty clay loam. 

The Keith soils formed in material similar to that in 
which the Harney, Pleasant, and Ulysses soils formed. 
They have a_ Bt horizon that contains less clay than the 
Harney and Pleasant soils. They are darkened to a greater 
depth than Ulysses soils and have a Bt horizon that the 
Ulysses soils lack. 

_ Ka—Keith silt loam, 0 to 1 percent slopes. This soil 
is nearly level and is on ridgetops and broad flats. It 
has the profile described as representative of the series. 

Included with this soil in mapping are a few small 
areas of Harney soils that are in similar positions on 
the landscape and soils that are similar to this Keith 
soil but have buried horizons of an older soil at a depth 
of 15 to 30 inches. Also included are Pleasant soils in 
small depressions. The small depressions are identified 
on the soil map by an appropriate symbol. 

If irrigated, this soil is suited to sorghums, corn, 
wheat, alfalfa, and tame grasses grown for hay or 
pasture. It is used mainly for cultivated crops. A few 
areas are in native grass, and some areas are irrigated. 
Wheat and sorghums are the main dryland crops. 
When this soil is not protected by vegetation, soil blow- 
ing is a hazard. The main concerns of management are 
conserving moisture and controlling soil blowing. Ef- 
fective practices include stubble mulching and con- 


tour farming. Terraces control runoff and conserve 
moisture, Controlled grazing prevents overuse of areas 
in native grass. 

Good management of irrigated areas maintains soil 
fertility and uses water efficiently. Among the effective 
practices are crop residue use, fertilization, and use of 
a conservation cropping system. Most areas need land 
leveling for efficient surface irrigation. Lined ditches 
or surface or underground pipe are needed for more 
efficient use of water. Either surface or sprinkler irri- 
gation systems can be used. Capability units IIc—1 dry- 
land and I-1 irrigated; Loamy Upland range site. 

Kb—Keith silt loam, 1 to 3 percent slopes. This soil 
is gently sloping and is on lightly concave side slopes. 
It has a profile similar to the one described as repre- 
sentative of the Keith series, but depth to free carbon- 
ates ranges from 15 to 22 inches. Included in mapping 
are a few small areas of Ulysses soils along small drain- 
ageways. 

If irrigated, this soil is suited to sorghums, corn, 
wheat, alfalfa, and tame grasses grown for hay or 
pasture, It is used mainly for cultivated crops. A few 
areas are in native grass, and some areas are irrigated. 
Wheat and sorghums are the main dryland crops. Soil 
blowing and water erosion are hazards. The main con- 
cerns of management are conserving moisture and con- 
trolling water erosion and soil blowing. Effective 
management practices are terracing, contour farming, 
and stubble mulching. Controlled grazing prevents 
overuse of native grass areas. 

Good management of irrigated areas controls ero- 
sion, maintains fertility, and uses water efficiently. 
Among the effective management practices are fertili- 
zation, crop residue use, and a conservation cropping 
system. Land leveling is needed for surface irrigation. 
Terracing controls erosion and conserves moisture on 
sprinkler-irrigated areas. When sprinkler irrigation is 
used, good management of crop residues is essential to 
control erosion and improve water intake. Surface or 
underground pipe is generally needed for the proper 
distribution and efficient use of water. Either surface 
or sprinkler irrigation can be used on this soil, but the 
design is more complex and costs are generally higher 
than on soils that are more nearly level. Capability units 
IIle-1 dryland and IIe-1 ‘irrigated; Loamy Upland 
range site, 


Kim Series 


The Kim series consists of deep, well drained soils 
on uplands. These soils formed in calcareous loamy 
outwash. Slopes range from 6 to 15 percent. 

In.a representative profile the surface layer is gray- 
ish brown clay loam about 5 inches thick. The layer 
below that is pale brown firm clay loam about 6 inches 
thick. The underlying material is very pale brown clay 
loam to a depth of 60 inches. 

The available water capacity is high, and permea- 
bility is moderate. Runoff is moderately rapid. Fer- 
tility is medium. 

Kim soils are used for native grass. 

Representative profile of Kim clay loam, in an area 
of Kim-Penden clay loams, 6 to 15 percent slopes, in 
native grass; 1,122 feet north, 990 feet west of the 
southeast corner of sec, 12, T. 11S., R. 26-W. 
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Al—0 to 5 inches; grayish brown (10YR 6/2) clay loam, 
dark grayish brown (10YR 4/2) when moist; mod- 
erate fine and very fine granular structure; 
slightly hard when dry, friable when moist; many 
fine and very fine roots; few worm casts; few 
pebbles as large as 15 millimeters; strong effer- 
vescence; moderately alkaline; gradual smooth 
boundary. 

AC—5 to 11 inches; pale brown (10YR 6/8) clay loam, 
dark brown (10YR 4/3) when moist; weak me- 
dium subangular blocky structure; hard when dry, 
firm when moist; common fine and very fine roots; 
few worm casts; few fine pebbles; violent effer- 
vescence; moderately alkaline; gradual smooth 
boundary. 

C—11 to 60 inches; very pale brown (10YR 7/3) clay loam, 
brown (10YR 5/3) when moist; massive; hard 
when dry, firm when moist; few fine and very fine 
roots in upper part; common films and soft masses 
of calcium carbonate; somewhat stratified with 
layers of sandier material; violent effervescence; 
moderately alkaline, 

The Al horizon is 3 to 6 inches thick. It ranges from 
grayish brown to pale brown and from sandy loam to silt 
loam, but is mainly clay loam. The AC horizon is 6 to 10 
inches thick. It ranges from grayish brown to pale brown 
and from clay loam to silty clay loam. The C horizon ranges 
from pale brown to brown clay loam or silty clay loam that 
has 15 to 35 percent sand coarser than very fine sand. In the 
upper part of the C horizon, free carbonates generally are 
visible, 

The Kim soils are associated with Campus, Penden, and 
Otero soils. They lack the substratum containing caliche or 
the many large concretions that are characteristic of Cam- 

us soils, They have a thinner dark surface layer than the 
enden soils and are finer textured than Otero soils. 


Kp—Kim-Penden clay loame, 6 to 15 percent slopes. 
These soils are sloping to strongly sloping and are on 
the sides of upland drainageways. This mapping unit 
is about 60 percent Kim clay loam and 40 percent 
Penden clay loam. The Kim soils are on the steeper, 
more broken part of the landscape. Penden soils are 
in the less sloping areas. In some places the dark sur- 
face layer of the Kim soil is thinner than typical be- 
cause it is eroded. 

Included in mapping are small areas of Campus, 
Canlon, and Ulysses soils and soils that are similar to 
Kim and Penden soils but have more sand in the C 
horizon. Also included are small areas of alluvial soils 
that are similar to Roxbury silt loam, frequently 
flooded. Gravel pits, rock outcrops, gravel.spots, wet 
spots, and severely eroded spots are included and are 
identified on the soil map by appropriate symbols. 

This mapping unit is not well suited to cultivated 
crops because of slope and the hazard of erosion. It 
is used mainly for native grass. Good management. 
includes reseeding cultivated areas with a suitable 
mixture of native grasses and controlling grazing to 
prevent overuse. Capability unit VIle-1 dryland; Limy 
Upland range site. 


Manvel Series 


The Manvel series consists of deep, well drained soils 
that have a strongly calcareous surface layer and sub- 
soil. These soils formed on uplands in loamy, strongly 
calcareous material that weathered from chalky shale 
and soft limestone. Slopes range from about 1 to 15 
percent. 

In a representative profile the surface layer is gray- 
ish brown silt loam about 8 inches thick, The next 


layer is very pale brown, friable silt loam about 20 
inches thick. The underlying material is very pale 
brown silt loam to a depth of 60 inches. 

The available water capacity is high, and permea- 
bility is moderate. Runoff is medium. Fertility is med- 
ium. 

Manvel soils are not well suited to cultivated crops. 
They are used for native grass. The native vegetation 
was mainly mid grasses and short grasses. 

Representative profile of Manvel silt loam, 1 to 3 
percent slopes, in native grass, 150 feet south and 
2,300 feet west of the northeast corner of sec. 33, T. 
148., R. 31 W. 

A1l—0 to 3 inches; grayish brown (10YR 5/2) silt loam, 
dark grayish brown (10YR 4/2) when moist; mod- 
erate fine granular structure; slightly hard when 
dry, friable when moist; many fine roots; few fine 
chalk fragments; violent effervescence; moderately 
alkaline; clear smooth boundary. 

AC—8 to 23 inches; very pale brown (10YR 7/38) silt 
loam, light yellowish brown (10YR 6/4) when 
moist; weak very fine granular structure; slightly 
hard when dry, friable when moist; many fine 
roots; few fine chalk fragments; violent efferves- 
cence; moderately alkaline; gradual smooth bound- 


ary. 

C—23 to 60 inches; very pale brown (10YR 8/4) silt 
loam, brownish yellow (10YR 6/6) when moist; 
massive; slightly hard when dry, friable when 
moist; few fine roots; many fine chalk fragments; 
violent effervescence; moderately alkaline. 

The Al horizon is 1 to 6 inches thick. It ranges from dark 
grayish brown to pale brown silt loam or light silty cla: 
loam. In some places, there is an AC horizon; it is as muc! 
as 20 inches thick. The C horizon is gray to pale yellow. The 
content of limestone fragments less than 3 inches in size 
ranges from a few scattered pieces to 50 precent, by volume. 
Depth to calcareous bedrock is more than 40 inches. 

he Manvel soils in this county contain more carbonates 
than is defined as the range for the series, but this differ- 
ence does not alter the usefulness and behavior of the soils. 

Manvel soils are near Elkader soils and Badland. They 
lack the thick dark surface layer of Elkader soils. They are 
more than 40 inches deep over the calcareous bedrock, 
which is at or near the surface in Badland. 


Ma—Manvel silt loam, 1 to 3 percent slopes. This 
soil is gently sloping and is on upland side slopes below 
outcrops of chalk or limestone. It has the profile des- 
cribed as representative of the series. 

Included with this soil in mapping are small areas 
of Elkader soils on the higher positions and soils that 
are similar to this Manvel soil but less than 40 inches 
deep over chalky shale and soft limestone. Also in- 
cluded are a few small areas of a Manvel soil that has 
slopes of up to 6 percent. Rock outcrops are also in- 
cluded and are identified on the soil map by the sym- 
bols for rock outcrop. 

This soil is not well suited to cultivated crops because 
there is an erosion hazard. The very high lime content 
has an adverse effect on most cultivated crops. Good 
management includes seeding cultivated areas to a 
mixture of native grasses and controlling grazing to 
prevent overuse. Capability unit VIe-1 dryland; Chalk 
Flats range site. 

Mb—Manvel-Badland complex, 6 to 40 percent 
slopes. This mapping unit is sloping to steep and is on 
broken, erosional uplands. It is about 65 percent Man- 
vel silt loam and 35 percent Badland. The Manvel soil 
is on the divides between the steep, broken side slopes 
occupied by Badland. It has a profile similar to the one 
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described as representative of the series, but the sur- 
face layer is thinner. 

Included in mapping are a few small areas of Canlon, 
Dix, Elkader, Penden, and Ulysses soils. Also included 
are small areas of soils that are similar to Manvel soil 
but are less than 40 inches deep over chalky shale or 
soft limestone. About 700 acres along an old fault line 
in T. 14 S., R. 31 W. is shallow, noncalcareous clay 
over clay shale. Also included and identified on the 
soil map by appropriate symbols are gravel pits and 
quarries. 

This mapping unit is used for native grass and wild- 
life habitat. It includes some of the most scenic areas 
in the county. It is favored by amateur and profes- 
sional fossil collectors because many vertebrate and 
invertebrate fossils can be found in the chalk beds. 
Good management includes controlling grazing to pre- 
vent overuse. Capability unit VIle-1 dryland; Manvel 
part in Chalk Flats range site, Badland not assigned a 
range site. 


Munjor Series 


The Munjor series consists of deep, well drained 
soils on flood plains and low terraces along the Smoky 
Hill River and the larger tributary streams. These soils 
formed in stratified loamy alluvium. Slopes are less 
than 2 percent. 

In a representative profile the surface layer is gray- 
ish brown and light brownish gray sandy loam about 
11 inches thick. The underlying material is pale brown 
and very pale brown sandy loam to a depth of 36 
inches. Below this it is sand that has a few coarse 
fragments to a depth of about 60 inches. 

The available water capacity is moderate, and per- 
meability is moderate. Runoff is slow. These soils re- 
ceive extra water as runoff from adjacent uplands and 
are occasionally flooded for short periods. Fertility is 
medium. 

These soils are used for native grass and for culti- 
vated crops. Wheat, sorghums, and alfalfa are the main 
crops. 

Representative profile of Munjor sandy loam, in an 
area of Munjor-Bridgeport complex, in a cultivated 
field, 2,640 feet east, 2,080 feet south of the northwest 
corner of sec. 2, T. 15 S., R. 26 W. 


Ap—0 to 4 inches; grayish brown (10YR 5/2) light sandy 
loam, dark grayish brown (10YR 42 when 
moist; weak fine granular structure; soft when 
dry, very friable when moist; few fine pebbles; 
many fine roots; strong effervescence; moderately 
alkaline; clear smooth boundary. 
to 11 inches; light brownish gray (10YR 6/2) 
sandy loam, dark grayish brown (10YR 4/2) when 
moist; massive; slightly hard when dry, very fri- 
able when moist; few fine pebbles; many fine roots; 
strong effervescence; moderately alkaline; clear 
smooth pounder: 
Ci—11 to 18 inches; pale brown (10YR 6/8) light sandy 
loam, brown (10YR 4/3) when moist; massive; 
slightly hard when dry, friable when moist; few 
fine pebbles; few fine roots; strong effervescence; 
moderately alkaline; gradual smooth boundary. 
C2—18 to 36 inches; very pale brown (10YR 7/8) light 
sandy loam, pale brown (10YR 6/3) when moist; 
massive; slightly hard when dry, friable when 
moist; few fine pebbles; few fine roots; strong 


A12—4 


effervescence; moderately alkaline; abrupt smooth 
boundary. 

IIC3—386 to 60 inches; sand that has a few coarse frag- 
ments; slight effervescence; mildly alkaline. 


The Ap and A12 horizons combined are 9 to 15 inches 
thick and range from grayish brown to pale brown. The A 
horizon is light loam to sandy loam. The C horizon is 20 to 
50 inches thick and ranges from grayish brown to very pale 
brown. It has strata ranging from clay loam to sand; the 
average is sandy loam. Depth to free carbonates ranges 
from the surface to 8 inches. 

The Munjor soils are in 
Inavale and Caruso soils. They are less sandy than Inavale 
soils. They. contain more sand and are better drained than 
Caruso soils, 


ositions similar to those of the 


Mc—Munjor-Bridgeport complex. This mapping 
unit is nearly level and is on terraces and alluvial fans 
above the flood plain of the Smoky Hill River and its 
larger tributary streams. It is about 60 percent Mun- 
jor soil and 40 percent Bridgeport soil. The two soils 
are intermingled, and the surface layer ranges from 
loamy sand to fine sandy loam but is most commonly 
sandy loam. Slopes are 0 to 1 percent. Included in 
mapping are a few small areas of Bridgeport silt loam 
and Inavale soils. 

This soil is used for native grass and for cultivated 
crops. A few areas are irrigated. Wheat, sorghums, 
and alfalfa are the main dryland crops. Sorghums, 
corn, wheat, and alfalfa are the main irrigated crops. 
If irrigated, the soil is also suited to tame grasses 
grown for hay or pasture. Soil blowing is the main 
hazard, but some areas need protection from the run- 
off water from adjacent upland. The main concern of 
management is controlling soil blowing. This can be 
done effectively by stubble mulching and wind strip- 
cropping. Range needs protection from overgrazing. 

Good management of irrigated areas maintains fer- 
tility and uses water efficiently. Among effective 
management practices are crop residue use, fertiliza- 
tion, and a conservation cropping system. Land level- 
ing and surface or underground pipe are needed for 
more efficient use of water. Surface and sprinkler 
methods of irrigation are both effective. Capability 
units IIIw-2 dryland and Iiw-2 irrigated; Sandy Low- 
land range site. 

Md—Munjor-Inavale complex. This mapping unit is 
nearly level and is on flood plains and low terraces 
along the Smoky Hill River and some of the larger 
tributary streams. It is about 55 percent Munjor sandy 
loam and 45 percent Inavale soils. Munjor soils are in 
the lower areas. Inavale soils occupy low ridges and 
areas adjacent to streams. 

Included in mapping are a few small areas of Bridge- 
port sandy loam in a position similar to that of 
Munjor soils. A few gravel pits are included and 
identified on the soil map by appropriate symbols. 

This mapping unit is not well suited to cultivated 
crops. It is used mainly for native grass. When these 
soils are not protected by vegetative cover, soil blowing 
is a severe hazard. The Inavale soil is droughty be- 
cause it has low available water capacity. Some areas 
are subject to flooding by streams, and all areas receive 
extra water as runoff from adjacent uplands. Good 
management includes seeding cultivated areas to a 
mixture of native grasses and controlling grazing to 
prevent overuse. Capability unit IVw-1 dryland; 
Sandy Lowland range site. 
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Otero Series 


The Otero series consists of deep, well drained soils 
on uplands. These soils formed in calcareous, loamy 
eolian and outwash material. Slopes are mainly be- 
tween 1 and 3 percent but range to about.6 percent. 

In a representative profile the surface layer is light 
brownish gray heavy fine sandy loam about 6 inches 
thick. The layer below that is very pale brown, friable 
heavy sandy loam about 12 inches thick. The under- 
lying material to a depth of 60 inches is stratified. 
The upper 12 inches is very pale brown sandy loam, 
the middle 14 inches is very pale brown loamy sand, 
ee the lower 16 inches is very pale brown heavy sandy 
oam. 

The available water capacity is moderate, and per- 
meability is rapid. Runoff is medium. Fertility is 
medium. 

Otero soils are used for native grass and for culti- 
vated crops. Wheat and sorghums are the main crops. 

Representative profile of Otero fine sandy loam, 
undulating, in native grass, 1,320 feet south, 1,060 feet 
is of the northeast corner of sec. 19, T. 15 S., R. 
27 W. 


A1l—0 to 6 inches; light brownish gray (10YR 6/2) _heav: 
fine sandy loam, dark grayish brown (10YR 4/2 
when moist; moderate fine and very fine granular 
structure; slightly hard when dry, friable when 
moist; many roots; few worm casts; slight effer- 
vescence; moderately alkaline; gradual smooth 
boundary. 

AC—6 to 18 inches; very pale brown (10YR 7/3) heavy 
sandy loam, brown (10YR 5/8) when moist; mod- 
erate fine and very fine granular structure; 
slightly hard when dry, friable when moist; man: 
roots; few worm casts; strong effervescence; mod- 
erately alkaline; gradual smooth boundary. 

C1—18 to 80 inches; very pale brown (10YR 8/3) sand 
loam, pale brown (10YR 6/3) when moist; wea! 
very fine granular structure; slightly hard when 
dry, friable when moist; few fine roots; few worm 
casts; strong effervescence; moderately alkaline; 
gradual smooth boundary. 

C2—30 to 44 inches; very pale brown (10YR 8/3) loamy 
sand, pale brown (10YR 6/3) when moist; single 
grained; soft when dry, very friable when moist; 
few fine roots; strong effervescence; moderately 
alkaline; gradual smooth boundary. 

C38—44 to 60 inches; very pale brown (10YR 8/38) heavy 
sandy loam, pale brown (10YR 6/3) when moist; 
massive; slightly hard when dry, friable when 
moist; strong effervescence; moderately alkaline. 


The Al horizon is 4 to 8 inches thick. It ranges from 
grayish brown to very pale brown and is sandy loam, fine 
sandy loam, or light loam. The AC horizon is 6 to 12 inches 
thick and ranges from light brownish gray to very pale 
brown. The C horizon has strata ranging for grayish brown 
to very pale brown and from loamy sand to loam; it aver- 
ages sandy loam in most places. Visible segregated carbon- 
ates in the C horizon range from none to common films or 
nor masses. Depth to free carbonates ranges from 0 to 6 
inches. 

The Otero soils are associated with Dix and Kim soils. 
They are finer textured and contain less gravel than Dix 
soils. They are coarser textured than Kim soils. 


Ot—Otero fine sandy loam, undulating. This soil is 
Hees level to gently sloping and is on undulating up- 
lands. 

Included with this soil in mapping are a few small 
areas of Penden, Ulysses, and Kim soils on the more 
stable divides, and soils that are similar to Otero soils 
but lack carbonates within a depth of 6 to 15 inches. 


Rock outcrops are included and identified on the soil 
map by an appropriate symbol. Each symbol represents 
an area of less than 3 acres. 

This soil-is suited to irrigation. If irrigated, it is 
suited to sorghums, corn, wheat, alfalfa, and tame 
grasses grown for hay or pasture. It is used for native 
grass and for cultivated crops. Sorghums and wheat 
are the main dryland crops. When this soil is not pro- 
tected by vegetative cover, soil blowing is a severe 
hazard. Water erosion is also a hazard. The main con- 
cerns of management are conserving moisture and con- 
trolling water erosion and soil blowing. Effective 
management practices are stubble mulching, terrac- 
ing, contour farming, and stripcropping. Grazing 
needs to be controlled on native grass to prevent over- 
use. 

Good management of irrigated areas controls ero- 
sion and soil blowing, maintains fertility, and uses 
water efficiently. Among effective management prac- 
tices are crop residue use, fertilization, and the use of 
a conservation cropping system. Land leveling is 
needed for surface irrigation, generally in the form 
of bench leveling. Surface or underground pipe is gen- 
erally needed for the efficient distribution and use of 
water. Either surface or sprinkler irrigation can be 
used on this soil, but the design is more complex and 
costs are generally higher than on soils that are more 
nearly level. Capability units [Ve-2 dryland and IIIe-1 
irrigated ; Sandy range site. 


Penden Series 


The Penden series consists of deep, well drained 
soils on uplands. These soils formed in calcareous 
loamy outwash modified in the upper part by loess. 
Slopes range from about 8 to 15 percent. 

In a representative profile the surface layer is gray- 
ish brown light clay loam about 10 inches thick. The 
subsoil is light yellowish brown firm clay loam 18 
inches thick. The underlying material is very pale 
brown clay loam to a depth of 60 inches. 

The available water capacity is high, and perme- 
ability is moderate to moderately slow. Runoff is med- 
ium or rapid. Fertility is high. 

Penden soils are used for native grass and for culti- 
vated crops. Wheat and sorghums are the main crops. 
The native vegetation is mainly mid grass and short 
grasses. 

Representative profile of Penden clay loam, in an 
area of Kim-Penden clay loams, 6 to 15 percent slopes, 
in native grass, 1,122 feet north, 990 feet west of the 
southeast corner of sec. 12, T.11S., R. 26 W. 

A1l—0 to 10 inches; grayish brown (10YR 5/2) light clay 
loam, very dark grayish brown (10YR 3/2) when 
moist; moderate fine and medium granular struc- 
ture; slightly hard when dry, friable when moist; 
many fine roots; few worm casts; slight efferves- 
cence; mildly alkaline; gradual smooth boundary. 

B2ca—10 to 28 inches; light yellowish brown (10YR 6/4) 
clay loam, dark yellowish brown GOxR 4/4) when 
moist; weak medium subangular blocky structure; 
hard when dry, firm when moist; few very fine 
roots; few fine pores; common films and soft 
masses of calcium carbonate; violent effervescence; 
moderately alkaline; gradual smooth boundary. 

C—28 to 60 inches; very pale brown (10YR 7/8) clay loam, 
brown (10YR 5/3) when moist; massive; slightly 
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hard when dry, friable when moist; common films 
and soft masses of lime; violent effervescence; 
moderately alkaline. 


The Al horizon is 7 to 20 inches thick. It ranges from 
dark grayish brown to brown and is clay loam or silty clay 
loam. It ranges from mildly alkaline to moderately alka- 
line. The B2ca horizon is 12 to 20 inches thick. It is light 
brownish gray to very pale brown. The C horizon ranges 
from light brownish gray to pale yellow. 

Penden soils contain more sand than Ulysses soils that 
have similar topography. They have a thicker dark surface 
layer than Campus and Kim soils that developed in similar 
parent material, 

Pe—Penden clay loam, 3 to 6 percent slopes. This 
soil is gently sloping and is on the sides of upland 
drainageways. 

Included with this soil in mapping are small areas 
of steeper Campus and Canlon soils underlain by 
ealiche and areas of Elkader, eroded Penden, and 
Ulysses soils. Rock outcrops, gravel spots, severely 
eroded spots, and gumbo or scabby spots are included 
and identified on the soil map by appropriate symbols. 

This soil is used for native grass and for cultivated 
crops. Wheat and sorghums are the main dryland 
crops. When this soil is not protected by vegetative 
cover, water erosion and soil blowing are hazards. 
The main concerns of management are conserving 
moisture and controlling water erosion. Effective man- 
agement practices are terracing, stubble mulching, con- 
tour farming, and stripcropping. Grazing needs to be 
controlled to prevent overuse of native grass areas. 
Copability unit IlIe-1 dryland; Limy Upland range 
site. 


Pleasant Series 


The Pleasant series consists of deep, moderately well 
drained soils in upland depressions that are ponded 
after heavy rains. These soils formed in deep loess and 
material washed from the surrounding soils that 
formed mainly in loess. Slopes range from about 0 to 
2 percent. 

In a representative profile (fig. 9) the surface layer 
is gray silty clay loam 6 inches thick. The subsoil is 
38 inches thick. The upper 24 inches is dark gray, 
firm silty clay and the lower 14 inches is grayish 
brown, friable silty clay loam. The underlying mater- 
ial consists of an old buried soil. The buried soil is 
grayish brown heavy silty clay loam in the upper 11 
inches and is pale brown heavy silty clay loam to a 
depth of 60 inches. 

The available water capacity is high, and perme- 
ability is slow. Runoff is ponded. Fertility is high. 

Pleasant soils are generally used with the surround- 
ing soils. Much of the area is cultivated. The main 
crops are wheat and sorghums. The native vegetation 
is largely annuals, but some areas have a good stand 
of western wheatgrass. 

Representative profile of Pleasant silty clay loam, 
ponded, in native grass, 2,580 feet west, 150 feet north 
of the southeast corner of sec. 4, T. 11., S. R. 28 W. 

A1l—O to 6 inches; gray (10YR 5/1) silty clay loam, very 
dark brown (10YR 2/2) when moist; moderate 
very fine granular structure; hard when dry, fri- 
able when moist; common fine yellowish br 


mottles of organic matter; few fine roots; slightly 
acid; clear smooth boundary. 


Figure 9.—A profile of Pleasant silty clay loam, ponded. 


B1—6 to 14 inches; dark gray (10YR 4/1) silty clay, very 
dark brown (10YR 2/2) when moist; strong fine 
granular structure; very hard when dry, firm 
when moist; few fine roots; slightly acid; clear 
smooth boundary. 

B2t—14 to 30 inches; dark gray (10YR 4/1) silty clay, 
very dark brown (10YR 2/2) when moist; strong 
fine and medium subangular blocky structure; very 
hard when dry, firm when moist; few fine roots; 
neutral; gradual smooth boundary. 

B3ca—30 to 44 inches; grayish brown (10YR 5/2) silty 
clay loam, dark grayish brown (10YR 4/2) when 
moist; weak fine and medium subangular blocky 
structure; slightly hard when dry, friable when 
moist; few fine roots; white films of calcium car- 
bonate; violent effervescence; moderately alkaline; 
clear smooth boundary. 

Alb—44 to 55 inches; grayish brown (10YR 6/2) heav: 
silty clay loam, very dark grayish brown (10Y 
3/2) when moist; moderate fine subangular blocky 
structure; slightly hard when dry, friable when 
moist; thin films of lime on peds; violent efferves- 
cence; moderately alkaline; clear smooth boundary. 

Acb—55 to 60 inches; pale brown (10YR 6/3) heavy silty 
clay loam, dark brown (10YR 4/3) when moist; 
moderate fine subangular blocky structure; hard 
when dry, friable when moist; few fine threads of 
calcium carbonate in old root channels; stron, 
effervescence; moderately alkaline; clear smoot! 
boundary. 
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The Al horizon is 4 to 8 inches thick and ranges from 
dark gray to brown. The B1 horizon is 4 to 8 inches thick 
and ranges from dark gray to brown. The B2t horizon is 10 
to 80 inches thick and ranges from dark grayish brown to 
brown. The lower part of the B2t horizon is lighter colored 
in some places and ranges from gray to pale brown. The 
B2t horizon is silty clay or clay. Horizons below the B2t hor- 
izon have a wide color range which depends on whether or 
not there is a buried soil. These horizons range from heavy 
silt loam to light silty clay. Depth to free carbonates ranges 
from 20 to 40 inches, The solum ranges from slightly acid 
to moderately alkaline and becomes more alkaline with in- 
creasing depth. 

Pleasant soils are higher in clay content than the associ- 
ated Keith and Harney soils. 

Pt—Pleasant silty clay loam, ponded. This soil is 
nearly level and is in concave shallow depressions in 
the upland. Slopes are 0 to 2 percent. 

Included with this soil in mapping are small areas 
of soils that are similar to Pleasant soil but have a 
recent surface deposit of silt loam that is 1 to several 
inches thick. Other small included areas have a dark 
surface layer 15 to 20 inches thick. 

This soil is used for native grass and for cultivated 
crops. Wheat and sorghums are the main dryland 
crops. The areas are small and are generally farmed 
with the surrounding soils. Ponding and soil blowing 
are the main hazards. The main concerns of manage- 
ment are controlling soil blowing, conserving mois- 
ture, and preventing ponding. Effective management 
practices are terracing of adjacent soils and stubble 
mulching. Controlled grazing prevents overuse of areas 
of native grass. 

If irrigated, this soil is suited to sorghums, corn, 
wheat, alfalfa, and tame grasses grown for hay or 
pasture. Good management of irrigated areas includes 
controlling soil blowing, maintaining fertility, con- 
trolling ponding, and using water efficiently. Effective 
management practices are crop residue use, fertiliza- 
tion, and use of a conservation cropping system. Ter- 
racing or leveling the adjoining soils reduces ponding. 
Many areas of this soil are leveled with the surround- 
ing soils, which is fairly satisfactory if the fill is deep 
enough to provide a good root system. Because it is 
slowly permeable, the fill acts as a restrictive layer and 
tends to limit penetration of water. The fill material 
tends to become alternately waterlogged and droughty. 
Capability units IVw-2 dryland and IVw-1 irrigated; 
Clay Upland range site. 


Roxbury Series 


The Roxbury series consists of deep, well drained 
soils on terraces, fans, and flood plains. These soils 
formed in deep, weakly stratified silty and loamy 
alluvium. Slopes range from 0 to 2 percent. 

In a representative profile the surface layer is dark 
gray silt loam about 24 inches thick. The subsoil is 
about 15 inches thick. The upper 7 inches is grayish 
brown, firm light silty clay loam, and the lower 8 inches 
is light brownish gray, friable light silty clay loam. 
The underlying material is pale brown heavy silt loam 
to a depth of 60 inches. 

The available water capacity is high, and permeabil- 
ity is moderate. Runoff is slow. Fertility is high. 

Roxbury soils are used for cultivated crops and for 
native grass. Wheat and sorghums are the main crops. 


Representative profile of Roxbury silt loam, in na- 
tive grass, 2,110 feet north, 1,720 feet east of the south- 
west corner of sec, 31, T. 12 S., R. 29 W. 


A11—0 to 11 inches; dark gray (10YR 4/1) silt loam, very 
dark brown (10YR 2/2) when moist; moderate 
medium and fine granular structure; slightly hard 
when dry, friable when moist; many fine roots; 
many worm casts; neutral; clear smooth bound- 


ary. 

A12—11 to 24 inches; dark gray (10YR 4/1) silt loam, 
very dark brown (10YR 2/2) when moist; moder- 
ate medium and fine granular structure; slightly 
hard when dry, friable when moist; many fine 
roots; many worm casts; slight effervescence; 
mildly alkaline; clear smooth boundary. 

B21—24 to 31 inches; grayish brown (10YR 5/2) light 
silty clay loam, dark grayish brown (10YR 4/2) 
when moist; moderate medium subangular blocky 
structure; hard when dry, firm when moist; many 
fine roots; strong effervescence; few fine threads 
of soft segregated lime; moderately alkaline; grad- 
ual smooth boundary. 

B22—31 to 39 inches; light brownish gray (10YR 6/2) 
light silty clay loam, dark grayish brown (10YR 
4/2) when moist; moderate medium subangular 
blocky structure; hard when dry, friable when 
moist; few fine roots; violent effervescence; 2 to 
4 percent soft granular segregated lime; moder- 
ately alkaline; clear smooth boundary. 

C—89 to 60 inches; pale brown (10YR 6/8) heavy silt 
loam, brown ere 5/3) when moist; massive, 
porous; slightly hard when dry, friable when 
moist; strong effervescence; moderately alkaline. 


The Al horizon is 10 to 24 inches thick. It ranges from 
dark gray to grayish brown. It ranges from loam to silty 
clay loam, but is mainly silt loam. The A horizon is neutral 
to moderately alkaline. The B2 horizon is 15 to 30 inches 
thick and is silt loam or silty clay loam. The upper 5 to 20 
inches ranges from dark gray to grayish brown and the 
lower 8 to 15 inches ranges from grayish brown to very 
pale brown. The C horizon ranges from grayish brown to 
very pale brown and is silt loam or silty clay loam. Depth to 
free carbonates is less than 15 inches. Unconforming sandy 
or clayey strata, or mottles, or both are below a depth of 40 
inches in some places, In many places small, but discernible, 
differences in color and clay content indicate stratification 
below a depth of 24 inches. 

The Roxbury soils are in positions similar to those of 
Angelus and Bridgeport soils. Roxbury soils have a thicker 
dark surface layer than Angelus and Bridgeport soils and 
contain less lime than Angelus soils. 


Ra—Roxbury silt loam. This soil is nearly level and 
is on stream terraces and alluvial fans. Slopes are 0 
to 2 percent. This soil has the profile described as 
representative of the series. 

Included with this soil in mapping are a few small 
areas of Bridgeport soils and soils that are similar to 
Roxbury soil but have more sand. Also included are 
some stream channels and their sides. Small depres- 
sions and gumbo or scabby spots are included and 
identified on the soil map by appropriate symbols. 

This soil is used for cultivated crops and for native 
grass. Some areas are irrigated. Wheat, sorghums, and 
alfalfa (fig. 10) are the main dryland crops. When this 
soil is not protected by vegetation, soil blowing is a 
hazard. The main concerns of management are con- 
serving moisture and preventing soil blowing. Effec- 
tive management practices are stubble mulching and 
wind stripcropping. Controlled grazing prevents over- 
use of areas of native grass. 

If irrigated this soil is suited to sorghum, corn, 
wheat, alfalfa, and tame grasses grown for hay or 
pasture. Good management of irrigated areas main- 
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Figure 10.—Alfalfa growing in an area of Roxbury soil. The Campus-Canlon complex is in the foreground. 


tains fertility and uses water efficiently. Among effec- 
tive management practices are crop residue use, 
fertilization, and use of a conservation cropping sys- 
tem. Land leveling is generally needed for surface 
irrigation. Lined ditches or surface or underground 
pipes are needed for more efficient use of water. Either 
surface or sprinkler irrigation can be used. Some areas 
need protection from the runoff water from adjacent 
uplands. Capability units IIc-2 dryland and I-2 irri- 
gated; Loamy Terrace range site. 

Rb—Roxbury soils, frequently flooded. This soil is 
nearly level and is on flood plains. It has a profile 
similar to the one described as representative of the 
series, but it is calcareous to the surface and is more 
stratified. The surface layer ranges from loam to silty 
clay loam. 

Included in mapping are a few small areas of Bridge- 
port and Caruso soils and soils that are similar to 
Roxbury soil but have more sand. Also included are 
some stream channels and side slopes. Saline spots and 
wet spots are included and identified on the soil map 
by appropriate symbols. 

This soil is used for native grass and for cultivated 
crops. A few areas are irrigated. Sorghums and 
alfalfa are the main dryland crops. Flooding is the 


main hazard. The main concerns of management. are 
conserving moisture and preventing flooding. Effective 
management practices are stubble mulching and the 
use of levees for flood protection. Wheat is seldom 
grown on this soil because flooding often occurs when 
it is ready for harvest. Controlled grazing prevents 
overuse of native grass areas. 

If irrigated this soil is suited to sorghums, corn, 
alfalfa, and tame grasses grown for hay or pasture. 
Good management of irrigated areas maintains fertil- 
ity, controls flooding, and uses water efficiently, Among 
effective management practices are the use of crop 
residue, dikes or levees for flood protection, fertiliza- 
tion, and a conservation cropping system. Land 
leveling is generally needed for surface irrigation, but 
the work may be damaged by flooding. Lined ditches 
or surface or underground pipes are needed for more 
efficient use of water. Either surface or sprinkler 
irrigation can be used. Capability units IIIw--3 dryland 
and IIw-1 irrigated; Loamy Lowland range site. 

Rx—Roxbury soils, channeled. This mapping unit is 
nearly level to steep and is on side slopes and narrow 
flood plains of drainageways that dissect areas of 
alluvial soils in the valleys of the larger streams. About 
10 percent of the unit has a profile similar to the one 
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described as representative of the series, but the sur- 
face layer ranges from loam to silty clay loam; 20 
percent is a soil that is similar to Roxbury silt loam 
but is more stratified; and 70 percent is mixed, cal- 
eareous, loamy alluvium on side slopes. This mapping 
unit is associated with Roxbury silt loam and Bridge- 
port silt loam along channels, but it is more variable 
and has stronger slopes than those soils. Slopes are 
0 to 50 percent. 

This mapping unit is not suited to cultivated crops. 
It is used for native grass and for wildlife habitat. The 
vegetation is mainly native grass, but in some places 
it is a dense growth of trees—mainly cottonwood, 
willow, and hackberry. Frequent flooding and the re- 
sultant scouring and deposition are the main hazards. 
These soils are unstable and need protection from 
overgrazing. Capability unit VIw-1 dryland; Loamy 
Lowland range site. 


Ulysses Series 


The Ulysses series consists of deep, well drained 
soils on uplands. These soils formed in calcareous silty 
loess. Slopes range from 0 to 10 percent. 

In a representative profile (fig. 11) the 


surface 


ees 


Figure 11,—A profile of Ulysses silt loam. 


layer is dark grayish brown silt loam 10 inches thick. 
The subsoil is light brownish gray, friable silt loam 
5 inches thick. The underlying material is very pale 
brown silt loam to a depth of 60 inches. 
The available water capacity is high, and permeabil- 
ie Ae moderate. Runoff is slow to rapid. Fertility is 
igh. 
Ulysses soils are used for cultivated crops and for 
native grass. Wheat and sorghums are the main crops. 
Representative profile of Ulysses silt loam, 1 to 3 
percent slopes, in a cultivated field, 180 feet east, 1,850 
ie on of the northwest corner of sec. 25, R. 12 W., 


Ap—0 to 4 inches; dark grayish brown (10YR 4/2) silt 
loam, very dark grayish brown (10YR 3/2) when 
moist; weak very fine granular structure; slightly 
hard when dry, friable when moist; many fine 
roots; neutral; abrupt smooth boundary. 

A12—4 to 10 inches; dark grayish brown (lov 4/2) silt 
loam, very dark grayish brown (10YR 3/2) when 
moist; moderate very fine and fine granular struc- 
ture; slightly hard when dry, friable when moist; 
few worm casts; many fine roots; neutral; clear 
smooth boundary. 

B2—10 to 15 inches; light brownish gray (10YR 6/2) silt 
loam, dark grayish brown (10YR 4/2) when moist; 
moderate fine and very fine granular structure; 
slightly hard when dry, friable when moist; many 
worm casts; few fine roots; some mixing of color 
from A12 horizon because of worm casts; strong 
effervescence; moderately alkaline; gradual smooth 
boundary. 

C—15 to 60 inches; very pale brown (10YR 7/3) silt loam, 
brown (10YR 5/3) when moist; massive; slightly 
hard when dry, friable when moist; few fine roots; 
aw — pores; strong effervescence; moderately 
alkaline. 


The A1 horizon is 6 to 12 inches thick. It is dark grayish 
brown to brown and is silt loam or light silty clay loam. It 
is neutral to moderately alkaline. The B2 horizon is 4 to 10 
inches thick. It ranges from dark grayish brown to pale 
brown and is silt loam or light silty clay loam. The C hori- 
zon. ranges from light brownish gray to very pale brown 
and is silt loam or light silty clay loam. A Cea horizon is in 
some laces. Depth to calcareous material ranges from 6 to 

inches. 

Ulysses soils are associated with Keith, Penden, and 
Elkader soils. They have a less clayey B2 horizon than 
Keith soils. They contain less sand than Penden soils and 
less lime than Elkader soils. 


Ua—Ulysses silt loam, 0 to 1 percent slopes. This soil 
is nearly level and is on ridgetops and broad flats. 

Included with this soil in mapping are a few small 
areas of Keith and Harney soils in slightly lower con- 
cave areas and Elkader soils on the lower side slopes. 
Severely eroded spots and small depressions are in- 
cluded and identified on the soil map by appropriate 
symbols. 

This soil is used for native grass and for cultivated 
crops. Wheat and sorghums are the main dryland 
crops. When this soil is not protected by vegetation, 
soil blowing is the main hazard. The main concerns of 
management are conserving moisture and controlling 
soil blowing. Effective management practices include 
stubble mulching and stripcropping. Terracing con- 
serves moisture and protects lower lying areas from 
the runoff. Controlled grazing prevents overuse of na- 
tive grass areas. 

If irrigated this soil is suited to sorghums, corn, 
wheat, alfalfa, and tame grasses grown for hay or 
pasture. It is suited to either surface or sprinkler 
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irrigation. Good management of irrigated areas con- 
trols soil blowing, maintains fertility, and uses water 
efficiently. Effective management practices are the use 
of crop residue, fertilizer, and a conservation cropping 
system. Land leveling is generally needed for surface 
irrigation. Surface or underground pipes are needed 
for more efficient use of water. Capability units IIc—1 
dryland and I-1 irrigated; Loamy Upland range site. 

Ub—Ulysses silt loam, 1 to 3 percent slopes. This 
soil is nearly level to gently sloping and is on convex 
ridgetops and sides of drainageways. It has the profile 
described as representative of the series. 

Included in mapping are small areas of Elkader soils 
on similar locations and Keith and Harney soils in 
slightly lower concave areas. Small depressions, rock 
outcrops, and severely eroded spots are included and 
identified on the soil map by appropriate symbols. 

This soil is used for native grass and for cultivated 
crops. It is also suited to irrigation. Wheat and sor- 
ghums are the main dryland crops. Water erosion and 
soil blowing are hazards. The main concerns of man- 
agement are conserving moisture and controlling water 
erosion. Effective management practices are terracing, 
contour farming, and stubble mulching. Controlled 
grazing prevents overuse of native grass. 

If this soil is irrigated, it is suited to sorghums, 
corn, wheat, alfalfa, and tame grasses grown for hay 
or pasture. Good management of irrigated areas con- 
trols erosion, maintains fertility, and uses water 
efficiently. Effective management practices are fertili- 
zation, crop residue use, and use of a conservation 
cropping system. Land leveling, generally in the form 
of bench leveling, is needed for surface irrigation. 
Terracing controls erosion and conserves moisture on 
sprinkler-irrigated areas. When sprinkler irrigation is 
used, good management of crop residues is essential 
to control erosion and improve water intake. Surface 
or underground pipe is generally needed for the effi- 
cient distribution and ‘use of water. Hither surface or 
sprinkler irrigation can be used on this soil, but the 
design is more complex and costs are generally higher 
than on soils that are more nearly level. Capability 
units IIe-1 dryland and Ile-1 irrigated ; Loamy Upland 
range site. 

Uc—Ulysses silt loam, 3 to 6 percent slopes. This 
soil is gently sloping and is on the sides of drainage- 
ways. It has a profile similar to the one described as 
representative of the series, but the combined thick- 
ness of surface and subsoil layers is less. 

Included with this soil in mapping are small areas 
of Elkader, Kim, and Penden soils on similar slopes. 
Rock outcrops, gravel spots, severely eroded spots, and 
gumbo or scabby spots are included and identified on 
the soil map by appropriate symbols. 

This soil is used for native grass and for cultivated 
crops. Wheat and sorghums are the main dryland 
crops. When the soil is not protected by vegetative 
cover, water erosion and soil blowing are hazards. The 
main concerns of management are conserving mois- 
ture and controlling water erosion and soil blowing. 
Effective management practices are terracing, contour 
farming, and stubble mulching. Controlled grazing 
prevents overuse of native grass. Capability unit IIIe-1 
dryland; Loamy Upland range site. 

Ud—tlysses silt loam, 6 to 10 percent slopes. This 


soil is sloping and is on the sides of drainageways. It 
has a profile similar to the one described as repre- 
sentative of the series, but the combined thickness of 
the surface and subsoil layers is less. 

Included with this soil in mapping are a few small 
areas of Elkader, Kim, and Penden soils on similar 
slopes. Rock outcrops, gravel spots, and severely eroded 
spots are included and identified on the soil map by 
appropriate symbols. 

This soil is not suited to cultivated crops because of 
slope and erosion hazard. It is used mainly for native 
grass. Good management includes seeding cultivated 
areas to a mixture of native grasses and controlling 
grazing to prevent overuse. Capability unit VIe-1 dry- 
land; Loamy Upland range site. 

Ue—Ulysées soils, 2 to 6 percent slopes, eroded. This 
mapping unit is gently sloping and is on sides of 
drainageways. It has a profile similar to the one des- 
cribed as representative of the series, but the surface 
layer is thinner and ranges from loam to silt loam. 

Included in mapping are a few small areas of Elka- 
der, Kim, and Penden soils on similar positions. 

This mapping unit is used mainly for cultivated 
crops. A few areas have been reseeded to a mixture of 
native grasses. Wheat and sorghums are the main dry- 
land crops. When these soils are not protected by 
vegetative cover, water erosion and soil blowing are 
hazards. The main concerns of management are con- 
serving moisture and controlling water erosion and soil 
blowing. Effective management practices are terrac- 
ing, contour farming, and stubble mulching. Controlled 
grazing prevents overuse of native grass. Capability 
unit IVe—-1 dryland; Limy Upland range site. 


Use and Management of the Soils 


The soil survey is a detailed analysis and evaluation 
of the most basic resource of the survey area—the 
soil. It may be used to fit the use of the land, including 
urbanization, to the limitations and potentials of the 
natural resources and the environment and to help 
avoid soil-related failures in uses of the land. 

During a soil survey soil scientists, conservationists, 
engineers, and others keep extensive notes, not only 
about the nature of the soils but also about unique 
aspects of behavior of these soils in the field and at 
construction sites. These notes include observations of 
erosion, drought damage to specific crops, yield esti- 
mates, flooding, the functioning of septic systems, and 
other factors relating to the kinds of soil and their 
productivity, potentials, and limitations under various 
uses and management. In this way field experience 
incorporated. with measured data on soil properties 
and performance is used as a basis for predicting soil 
behavior. 

Information in this section will be useful in apply- 
ing basic facts about the soils to plans and decisions 
for use and management of soils for crops and pasture,. 
range, woodland, and many nonfarm uses, including 
building sites, highways and other transportation 
systems, sanitary facilities, parks and other recrea- 
tional developments, and wildlife habitat. From the 
data presented, the potential of each soil for specified 
land uses may be determined, soil limitations to these 
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land uses may be identified, and costly failures in 
homes and other structures, because of unfavorable 
soil properties, may be avoided. A site can be selected 
where the soil properties are favorable, or practices 
can be planned that will overcome the soil limitations. 

Planners and others using the soil survey can evalu- 
ate the impact of specific land uses on the overall 
productivity of the survey area or other broad plan- 
ning area, and on the environment. Both of these fac- 
tors are closely related to the nature of the soil. Plans 
can be made to maintain or create a land use pattern 
in harmony with the natural soil. 

Contractors can find information useful in locating 
sources of sand and gravel, road fill, and topsoil. Other 
information indicates the presence of bedrock, wet- 
ness, or very firm soil horizons that cause difficulty in 
excavation. 

Health officials, highway officials, engineers, and 
many other specialists can find useful information in 
this soil survey. The safe disposal of wastes, for ex- 
ample, is closely related to properties of the soil. Pave- 
ments, sidewalks, campsites, playgrounds, lawns, trees 
and shrubs, and most other uses of land are influenced 
by the nature of the soil. 


Dry Cropland 
In Gove County, the management of soils for dry 
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cropland involves a combination of practices that re- 
duce water erosion and soil blowing, maintain good 
soil structure, maintain an adequate organic matter 
content, and conserve as much moisture as possible. 
Erosion control and water conservation are most suc- 
cessful if a proper combination of practices is used. 

Terracing and contour farming can be used to reduce 
water erosion and conserve moisture on all of the 
sloping soils in the county. These practices, alone or in 
combination, can also be beneficial on some nearly level 
soils that have long slopes. Each row planted on the 
contour acts as a miniature terrace by holding back 
water and allowing it to soak into the soil (fig. 12). 
The water that is saved by terracing and contour 
farming increases crop growth, which in turn adds to 
the amount of residue available to protect the soil. 

Crop residues need to be managed properly on all of 
the soils in Gove County. Proper management of crop 
residues helps to maintain good soil structure, helps 
water infiltration, and helps control both water ero- 
sion and soil blowing. A cover of residue on the sur- 
face holds the soil in place and reduces the puddling 
of beating raindrops. 

Minimum or reduced tillage helps prevent the break- 
down of soil aggregates and maintains more residue 
on the surface. Tilling when the soil is too wet may 
cause a tillage pan to form, particularly in the loam and 
silt loam soils. 


Figure 12.—A terraced and contour farmed area of Ulysses silt loam. Water stands in the furrows and terrace channels after a 
eavy rain. 
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Stripcropping is another measure that can be used 
to control soil blowing. Stripcropping is generally 
used in combination with a good crop residue manage- 
ment program, minimum tillage, and a good fertility 
program. It is especially applicable to some of the 
nearly level soils. 

Wheat and sorghums are the major crops grown in 
Gove County (fig. 18). Some alfalfa is grown, mainly 
on bottom land or terrace soils. The sequence in which 
crops are grown affects the combination of practices 
that is needed on a particular soil. Close-growing crops, 
such as wheat, provide more protection for the soil 
than row crops. Also the residues from wheat provide 
more protection than the residues from grain sor- 
ghums. 

More specific information on the management of in- 
dividual soils is given in the mapping unit descriptions 
in the section “Descriptions of the Soils.” 


Irrigated Cropland 


The factors to be considered in planning an irriga- 
tion system are: the characteristics and properties of 
the soil, the quality and quantity of irrigation water 
available, the crops to be irrigated, and the type of 
system to be used for irrigation. It is especially impor- 


tant to know the quality of the irrigation water so that 
the long-range effect of irrigation on the soil can be 
evaluated. All natural waters used for irrigation con- 
tain some soluble salts. If water of poor quality is 
used on a soil that has slow permeability, harmful 
salts are likely to accumulate. In order to leach them 
out, water must then be applied in excess of the needs 
of the crops so that some of it passes through the root 
zone, 

Some of the soil factors that are important to irri- 
gation are depth, available water capacity, permeabil- 
ity, drainage, slope, and_ susceptibility to stream 
flooding. All of these must be considered in designing 
the irrigation system. The frequency of irrigation de- 
pends on the requirements of the crop and the avail- 
able water capacity of the soil. The available water 
capacity is determined mainly by the depth and tex- 
ture of the soil. Permeability affects the rate at which 
water enters the soil and the internal drainage. The 
rate of water intake is also affected by the condition 
of the surface layer. 

The soil survey has determined the characteristics 
of each soil in the county. Permeability and available 
water capacity are listed for each soil in the section 
“Engineering.” Soil features affecting the use of soils 
for irrigation are given in this same section. 


Figure 13.—Harvesting wheat on Keith silt loam. 
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Sorghums, corn, and wheat are the main crops grown 
under irrigation in Gove County. Alfalfa is grown in 
a few fields. Sugar beets, truck crops, and various 
other crops would be suitable under more intensive 
management. 

More specific information on the management of 
individual soils for irrigated cropland is given in the 
section “Descriptions of the Soils.” 


Capability Grouping 


Some readers, particularly those who farm on a large 
scale, may find it practical to use and manage alike 
some of the different kinds of soil on their farm. These 
readers can make good use of the capability classifi- 
cation system, a grouping that shows, in a general way, 
the suitability of soils for most kinds of farming. 

The grouping is based on permanent limitations of 
soils when used for field crops, the risk of damage 
when they are farmed, and the way the soils respond 
to treatment. The grouping does not take into account 
major and generally expensive landforming that would 
change slope, depth, or other characteristics of the 
soils; does not take into consideration possible but un- 
likely major reclamation projects; and does not apply 
to rice, cranberries, horticultural crops, or other crops 
that require special management. 

Those familiar with the capability classification can 
infer from it much about the behavior of soils when 
used for other purposes, but this classification is not a 
substitute for interpretations designed to show suit- 
ability and limitations for range, for forest trees, or 
for engineering. 

In the capability system, all kinds of soil are grouped 
at three levels: the class, the subclass, and the unit. 
The broadest grouping, the capability class, is desig- 
nated by Roman numerals I to VIII. In class I are the 
soils that have the fewest limitations, the widest range 
of use, and the least risk of damage when they are used. 
The soils in the other classes have progressively greater 
natural limitations. In class VIII are soils and land- 
forms so rough, shallow, or otherwise limited that 
they do not produce worthwhile yields of crops, forage, 
or wood products. The subclass indicates major kinds 
of limitations within the classes. Within most of the 
classes there can be as many as four subclasses. The 
subclasses are indicated by adding a small letter, e, w, 
s, or c, to the class numeral, for example, Ile. The letter 
“e” shows that the main limitation is risk of erosion 
unless close-growing plant cover is maintained; “w” 
means that water in or on the soil interferes with 
plant growth or cultivation (in some soils the wetness 
can be partly corrected by artificial drainage) ; “s” 
shows that the soil is limited mainly because it is shal- 
low, droughty, or stony; and “c” indicates that the 
chief limitation is climate that is too cold or too dry. 

In class I there are no subclasses, because the soils 
of this class have few or no limitations. Class V can 
contain, at the most, only subclasses w, s, and ¢, be- 
cause the soils are subject to little or no erosion but 
have other limitations that confine their use largely to 
pasture, range, or wildlife. 

Subclasses are further divided into groups called 
capability units. These are groups of soils that are so 
much alike that they are suited to the same crops and 


pasture plants, they require about the same manage- 
ment, and they have generally similar productivity and 
other response to management. Capability units are 
generally identified by numbers assigned locally, for 
example, IIe—1 or III w-2. 

The eight classes in the capability system and the 
subclasses and units in Gove County are described in 
the list that follows. The unit designation is given in 
the Guide to Mapping Units. 


Class I soils have few limitations that restrict their use. 

Unit I-1 (irrigated).—Deep, nearly level, 
well drained silt loams, on uplands. 

Unit I-2 (irrigated).—Deep, nearly level, 
well drained silt loams on terraces and high 
flood plains. 

Unit I-3 (irrigated).—-Deep, nearly level, 
well drained silt loams that have silty clay 
loam or silty clay subsoils, on uplands. 

Class II soils have moderate limitations that reduce 
the choice of plants or require moderate conserva- 
tion practices. 

Subclass IIe soils are subject to moderate erosion 
unless protected. 

Unit Ile-1 (dryland).—Deep, nearly level to 
gently sloping, well drained silt loams that 
have silt loam to silty clay subsoils, on up- 
lands. 

Unit Ile-1 (irrigated) —Deep, nearly level to 
gently sloping, well drained silt loams on 
uplands, 

Unit Ile-2 (irrigated).—Deep, nearly level to 
gently sloping, well drained silt loams that 
have silty clay loam or silty clay subsoils, 
on uplands. 

Subclass IIw soils are moderately limited because 
of excess water. 

Unit IIlw--1 (irrigated).—-Deep, nearly level, 
well drained silt loams on high flood plains. 

Unit IIw-2 (irrigated).—Deep, nearly level, 
well drained sandy loams and silt loams on 
terraces or high flood plains. 

Subclass IIe soils have moderate limitations be- 
cause of climate. 

Unit IIe-1 (dryland).—Deep, nearly level, 
well drained silt loams that have silt loam 
to silty clay subsoils, on uplands. 

Unit IIc-2 (dryland).—Deep, nearly level, 
well drained silt loams on terraces and high 
flood plains. 

Class III soils have severe limitations that reduce the 
choice of plants, require special conservation mea- 
sures, or both. 

Subclass IIIe soils are subject to severe erosion if 
they are not protected. 

Unit IIIe-1 (dryland).—Deep and moder- 
ately deep, nearly level to gently sloping, 
well drained silt loams, silty clay loams, 
and clay loams that have silt loam and clay 
loam subsoils, on uplands, 

Unit IITe-1 (irrigated).—Deep, nearly level 
to gently sloping, well drained sandy loams 
on uplands. 

Subclass IIIw soils have severe limitations because 
of excess water. 
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Unit IIw-1 (dryland and irrigated) —Deep, 
nearly level, moderately well drained to 
somewhat poorly drained loams on flood 
plains. 

Unit IlIw-2 (dryland).—Deep, nearly level, 
well drained sandy loams and silt loams on 
terraces or high flood plains. 

Unit IIw-2 (irrigated).—Deep, nearly level, 
well drained, strongly calcareous silt loams 
on flood plains and low terraces. 

Unit IlIw-8 (dryland).—Deep, nearly level, 
well drained silt loams on flood plains. 

Class IV soils have very severe limitations that reduce 
the choice of plants, require very careful manage- 
ment, or both. 

Subclass IVe soils are subject to very severe ero- 
sion if they are not protected. 

Unit [Ve-1 (dryland) .—Deep, gently sloping, 
well drained silt loams on uplands. 

Unit IVe-2 (dryland).—Deep, nearly level to 
gently sloping, well drained sandy loams 
on uplands. 

Subclass IVw soils have very severe limitations 
because of excess water. 

Unit IVw-1 (dryland).—Deep, nearly level, 
well drained and somewhat excessively 
drained sandy loams and loamy sands on 
flood plains. 

Unit IVw-1 (irrigated).—Deep, nearly level, 
ponded silty clay loams in depressions. 

Unit IVw-2 (dryland).—Deep, nearly level, 
ponded silty clay loams in depressions. 

Unit IVw-3 (dryland).—Deep, nearly level, 
well drained, strongly calcareous silt loams 
on flood plains and low terraces. 

Class V soils are subject to little or no erosion but have 
other limitations, impractical to remove, that limit 
their use mainly to pasture, range, woodland, or 
wildlife habitat. None in county. 

Class VI soils have very severe limitations that make 
them generally unsuitable for cultivation and limit 
their use mainly to pasture, range, woodland, or 
wildlife habitat. 

Subclass VIe soils have very severe limitations 
mainly because of the risk of erosion. 

Unit Vie-1 (dryland).—Deep, nearly level to 
strongly sloping, well drained silt loams 
and clay loams on uplands. 

Unit VIe-2 (dryland).—Deep, nearly level, 
somewhat excessively drained loamy sands 
on flood plains. 

Subclass VIw soils have very severe limitations 
because of excess water. 

Unit VIw-1 (dryland).—Deep, nearly level 
to steep, well drained silt loams along 
stream channels. 

Class VII soils have very severe limitations that make 
them unsuitable for cultivation and restrict their 
use mainly to grazing, woodland, or wildlife. 

Subclass VIIe soils have very severe limitations 
mainly because of the erosion hazard. 

Unit VIIe-1 (dryland).—Shallow to deep, 
sloping to steep, well drained to somewhat 
excessively drained silt loams and sandy 
soils on uplands. 


Subclass VIIs soils have very severe limitations 
because of low available water capacity and 
steep, broken topography. 

Unit VIIs-1 (dryland).—Shallow, sloping to 
steep, excessively drained gravelly sandy 
loams on knobs and broken side slopes of 
drainageways. 

Class VIII soils and land forms have limitations that 
preclude their use for commercial crop production 
and restrict their use to recreation, wildlife habitat, 
water supply, or esthetic purposes. None in county. 


Yields Per Acre 


The per acre average yields that can be expected of 
the principal crops under a high level of management 
are shown in table 2. In any given year, yields may be 
higher or lower than those indicated because of sea- 
sonal variations in rainfall and other climatic factors. 
Absence of a yield estimate indicates that the crop is 
not suited to or not commonly grown on the soil or 
that irrigation of a given crop is not commonly prac- 
ticed on the soil. 

The predicted yields are based mainly on the exper- 
ience and records of farmers, conservationists, and 
extension agents. Results of field trials and demonstra- 
tions and available yield data from nearby counties 
were also considered. 

The latest soil and crop management practices used 
by many farmers in the county are assumed in pre- 
dicting the yields. Hay and pasture yields are predicted 
for varieties of grasses and legumes suited to the soil. 
A few farmers may be using more advanced practices 
and obtaining average yields higher than those shown 
in table 2. 

The management needed to achieve the indicated 
yields of the various crops depends upon the kind of 
soil and the crop. Such management provides drainage, 
erosion control, and protection from flooding; the pro- 
per planting and seeding rates; suitable high-yielding 
crop varieties; appropriate tillage practices, including 
timely tillage and seedbed preparation; control of 
weeds, plant diseases, and harmful insects; favorable 
soil reaction and optimum levels of nitrogen, phos- 
phorus, and potassium and trace elements for each 
crop; effective use of crop residues, barnyard manure, 
and green-manure crops; harvest of crops with the 
smallest possible loss; and timeliness of all fieldwork. 

For yields of irrigated crops it is assumed that the 
irrigation system is adapted to the soils and to the 
crop grown; that good quality irrigation water is uni- 
formly applied in proper amounts as needed; and that 
tillage is kept to a minimum. 

The predicted yields reflect the relative productive 
capacity of the soils for each of the principal crops. 
Yields are likely to increase in the future as new pro- 
duction technology is developed. The relative produc- 
tivity of a given soil compared to other soils, however, 
is not likely to change. 

Crops other than those shown in table 2 are grown 
in the survey area, but because their acreage is small, 
predicted yields for these crops are not included. The 
local offices of the Soil Conservation Service and the 
Cooperative Extension Service can provide informa- 
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TABLE 2.—Yields per acre of crops 


[Yields in columns N are for nonirrigated soils; those in columns I are for irrigated soils. All yields were estimated for a high 
level of management in 1974. Dashes indicate that the crop is seldom grown or is not suited. Only soils suitable for crops are listed] 
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tion about the management and productivity of the 
soils for these crops. 


Range ” 


Native grass makes up about 46 percent, or 307,000 
acres, of the land area in Gove County. Small tracts 
occur throughout cropland of the county; larger areas 
ae along the Smoky Hill River and its larger tribu- 
aries. 

Livestock operations are of the cow-calf and graz- 
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ing stocker and feeder calf types. A large number of 
the ranches have some cropland that is used for sup- 
plemental grazing. Most of the forage production is 
used to feed livestock. Much of the success or failure 
of any particular operation can be related to the use 
of the range and forage. 

Most of the native vegetation on the range sites in 
Gove County is a mixture of short grasses and mid 
grasses, and some tall grasses are on favored sites. 
Current forage production depends on the range condi- 
tion and the amount of moisture available to plants 
during the growing season. It is also affected by topo- 
graphy. Generally speaking, the range sites on hilly 
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topography (fig. 14) are in better condition than those 
on level to gently sloping topography. 

Proper use and management of range is necessary 
to achieve the full productive potential of a range site. 
These natural grasslands respond favorably when con- 
servation and management practices based on sound 
ecological principles are applied. 


Range sites and range condition 


There are many differences in the soils and climate 
of Gove County. For these reasons, there are several 
different kinds of range. These different kinds of range 
are called range sites. 

Over the centuries, each range site has developed a 
mixture of plants best suited to it. This group of plants 
is called the potential, or climax, plant community for 
the site. The climax plant community for a site varies 
slightly from year to year, but the kinds and amounts 
of plants remain about the same if the site is undis- 
turbed. 

The original mixture of plants fit the soil and cli- 
mate of the range site so perfectly that other kinds of 
plants cannot move in unless an area is disturbed. So 
consistent is the relationship between plants, climate, 
and soils that the climax plant community can be ac- 
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curately predicted, even on severely disturbed sites, if 
the soil is identified. 

Range conservationists and soil scientists, working 
together, have grouped the soils which naturally grow 
the same climax plant communities into range sites. 

Repeated overuse by grazing animals, excessive 
burning, and plowing cause changes in the kinds and 
proportions, or amounts, of climax plants in the plant 
community. Depending on the kind and degree of dis- 
turbance, some plants increase while others decrease. 
If the disturbance is severe, plants which do not belong 
in the climax plant community may invade. Plant re- 
sponse to grazing use depends on the kind of grazing 
animal, the season of use, and how closely the plant is 
grazed. If good management follows disturbances, 
however, the climax plant community is gradually 
reestablished on all but seriously eroded soils. 

Range condition is an expression of how the present 
plant community compares with the climax plant com- 
munity for the range site. The more nearly the pre- 
sent kinds and amounts of plants are like the climax 
plant mixture, the better the range condition. 

Four range condition classes are used to indicate 
changes in the plant community brought about by graz- 
ing or other uses. These condition classes show the 


SALINE SHALLOW LIMY, |LIMY UPLAND | LOAMY UPLANO LOAMY UPLAND 
SUBIRRIGATED| LOWLAND TERRACE CHALK FLATS, AND LOAMY AND CLAY LOWLAND | AND CLAY 
SITE AND SANDY | SITE LIMY UPLAND, UPLAND SITES | UPLAND SITES SITE UPLAND SITES 
LOWLAND SANDY AND 
SITES GRAVELLY HILLS 
SITES 
Caruso Roxbury Soils,] Angelus Compus Campus Carlson Roxbury | Carlson 
frequently Bridgeport | Canton Kim Harney Soils, Harney 
flooded Roxbury Dix Ulysses Keith frequently| Keith 
Roxbury Scils,| Elkader Ulysses, Ulysses flooded Pleasant 
channeled Kim eroded Roxbury | Ulysses 
Munjor Manvel Soils, 
Inaovole Otero channeled 
Penden 
Ulysses, eroded 


Figure 14.—This diagram shows the relative positions of the major range sites in Gove County. 
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present condition of the native vegetation and provide 
an index to changes which have taken place in the 
plant community. 

A range is in excellent condition if 76 to 100 percent 
of the vegetation is of the same kind as that in the 
climax stand. It is in good condition if the percentage 
is 51 to 75; in fair condition if the percentage is 26 to 
50; and in poor condition if the percentage is less than 
25. Thus, the range condition rating indicates the na- 
ture of the present plant community. The improvement 
of climax cover for the range sites represents a goal 
toward which range management may be directed. 

Knowledge of the climax plant communities of range 
sites and the nature of present plant communities in 
relation to that potential is important in planning and 
applying conservation practices. Such information is 
the basis for selecting management objectives, de- 
signing grazing systems, managing for wildlife, deter- 
mining potential for recreation, and rating watershed 
conditions. 

Any management objective must provide for a plant 
cover which will adequately protect or improve the 
soil and water resources and meet the needs of the 
operator. This generally involves maintaining or in- 
creasing desirable plants and restoring the plant 
community to near-climax conditions where it has been 
degraded. Sometimes, however, a plant cover somewhat 
below climax will better fit specific grazing needs, 
provide better wildlife habitat, or furnish other bene- 
fits while still protecting the soil and water resources. 


Descriptions of range sites 


In the following pages, 11 range sites of Gove County 
are described and the climax plants are listed for each 
site. Plant species most likely to invade are also given. 
In addition, an estimate of the potential annual pro- 
duction of air-dry vegetation is indicated for each site. 
Clipping data were used to predict these average air- 
dry yields. The soils in each range site may be deter- 
mined by referring to the “Guide to Mapping Units” 
at the back of this soil survey. 


CHALK FLATS RANGE SITE 


This range site is in the southern part of the county 
below outcrops of the chalky shale or limestone of the 
Niobrara Formation. Many areas have native grass 
stands suitable for harvesting. Badland areas that are 
characterized by steep slopes and lack of vegetative 
cover are associated with this range site. The steepness 
and lack of vegetative cover are problems in managing 
the site. 

If this site is in excellent condition, it can support 
decreaser grasses such as little bluestem, sideoats 
grama, big bluestem, tall dropseed, four-wing saltbush, 
and winterfat. The decreaser plants make up about 
60 percent of the total production, and the rest is 
mainly increaser plants. 

Common increasers are buffalograss, blue grama, 
saltgrass, heath aster, and sagewort. The site is com- 
monly invaded by windmillgrass, annual brome, ko- 
chia, tumblegrass, and numerous annuals. 

If this site is in excellent condition, the average 
annual yield of air-dry herbage is 2,200 pounds per 


acre. It increases to 3,000 pounds per acre in favorable 
years and decreases to 1,500 pounds or less per acre in 
unfavorable years. 

Selenium poisoning can be a problem on this range 
site (8). In Gove County it is associated with soils 
formed from the Smoky Hill member of the Niobrara 
Formation. Range animals are most likely to be af- 
fected when the supply of good forage is limited and 
there is little opportunity for the grazing anima! to 
make any selection of less toxic plants. No practical 
protective measures are available except to limit graz- 
ing in the affected areas. Desert princesplume is a 
plant which readily absorbs selenium from the soil and 
is used as an indicator of the presence of selenium. 


CLAY UPLAND RANGE SITE 


This range site is in small, shallow depressions. It 
is relatively small and consists only of Pleasant silty 
clay loam, ponded. Water ponding after heavy rains 
makes it difficult to grow the desirable grass species. 
Weedy annuals grow in most of the depressions, but 
oceasionally a fair stand of western wheatgrass has 
been observed. This range site is easily overused. It is 
generally in only fair condition and has limited 
amounts of increaser plants. 

If this site is in excellent condition, it can support 
some of the mid and short grass decreasers such as 
western wheatgrass, sideoats grama, dotted gayfea- 
ther, and slimflower scurfpea. The decreaser plants 
make up as much as 40 percent of the total production, 
and the rest is mainly increaser plants. 

Common increasers are buffalograss, western rag- 
weed, sagewort, and wavyleaf thistle. The site is 
commonly invaded by common sunflower, snow-on-the- 
mountain, Russian thistle, and buffalobur nightshade. 

If this site is in excellent condition, the average 
annual yield of air-dry herbage is 1,600 pounds per 
acre. It increases to 2,000 pounds per acre in favorable 
years and decreases to 800 pounds or less per acre in 
unfavorable years. 


GRAVELLY HILLS RANGE SITE 


This range site is in the northeastern and southern 
sections of the county. It consists only of Dix soils, 6 
to 40 percent slopes. Normally this site is in good con- 
dition, and animals graze most of the areas well. It 
is easily recognized by the scattered plants of yucca, 
which thrive in the soil conditions associated with the 
range site. 

If this site is in excellent condition, it can support 
many of the decreaser grasses such as sideoats grama, 
little bluestem, tall dropseed, and big bluestem. The 
decreaser plants make up 60 percent of the total pro- 
duction, and the rest is mainly increaser plants. 

Common increasers are blue grama, hairy grama, 
sand dropseed, sand sagebrush, and western ragweed. 
The site is commonly invaded by annual three-awn, 
tumblegrass, Russian thistle, six-weeks fescue, and nu- 
merous annuals. 

If this site is in excellent condition, the average 
annual yield of air-dry herbage is 1,300 pounds per 
acre. It increases to 1,800 pounds per acre in favorable 
years and decreases to 800 pounds or less per acre in 
unfavorable years. 
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LIMY UPLAND RANGE SITE 


Sizable amounts of this range site are in the south- 
ern and eastern parts of the county. Some of the se- 
verely eroded areas previously used for crops have been 
reseeded to suited native species. Generally this site 
is in good condition, with little bluestem and sideoats 
grama carrying the grazing load. Some areas are not 
readily accessible to grazing livestock because of the 
rough topography. Continued overuse causes the buf- 
falograss and blue grama to increase and the overall 
productivity of the site to deteriorate. 

If this site is in excellent condition, it can support 
decreaser grasses such as sideoats grama, little blue- 
stem, big bluestem, tall dropseed, and slimflower scurf- 
pea. The decreaser plants make up about 60 percent 
of the total production, and the rest is mainly increaser 
plants. 

Common increasers are blue grama, hairy grama, 
buffalograss, broom snakeweed, western ragweed, and 
heath aster. The site is commonly invaded by wind- 
millgrass, annual brome, common sunflower, six-weeks 
fescue, and numerous annuals. 

If this site is in excellent condition, the average an- 
nual yield of air-dry herbage is 1,700 pounds per acre. 
It increases to 2,300 pounds per acre in favorable years 


and decreases to 800 pounds or less per acre in unfa- 
vorable years. 


LOAMY LOWLAND RANGE SITE 


Much of this site is in native range. It is mainly 
along the Hackberry and Big Creeks. Some areas have 
scattered shrubs and trees which could present a minor 
management problem, particularly if they increase. 
Flooding can be expected along the lower flood plains, 
which may affect production on the site. Heavy graz- 
ing during the growing season lessens this range site’s 
ability for maximum production. 

If this site is in excellent condition, it can support 
generous amounts of decreaser grasses such as big blue- 
stem, indiangrass, switchgrass, and Canada wildrye 
(fig. 15). The decreaser plants make up about 70 per- 
cent of the total production, and the rest is increaser 
plants. 

Common increasers are blue grama, buffalograss, 
western wheatgrass, and western ragweed. The site is 
commonly invaded by silver bluestem, annual brome, 
enowsdncthesmountait, little barley, and numerous an- 
nuals. 

If this site is in excellent condition, the average 
annual yield of air-dry herbage is 3,000 pounds per 


Figure 15.—A small area in the Loamy Lowland range site in excellent condition. 
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acre. It increases to 4,000 pounds per acre in favorable 
years and decreases to 2,000 pounds or less per acre in 
unfavorable years. 


LOAMY TERRACE RANGE SITE 


Most of this range site is in the southern part of the 
county near the Smoky Hill River and along some of 
the larger tributaries. Water is received as runoff from 
adjacent uplands or. from stream flooding. Generally 
the site is in fair to good condition, and increaser plants 
provide most of the grazing. 

If this site is in excellent condition, it can support 
most of the mid grass and tall grass decreaser grasses, 
such as sideoats grama, tall dropseed, switchgrass, and 
slimflower scurfpea. The decreaser plants make up 60 
percent of the total production, and the rest is mainly 
increaser plants. 

Common increasers are western wheatgrass, buffa- 
lograss, blue grama, western ragweed, and common 
sagewort. The site is commonly invaded by tumble- 
grass, windmillgrass, little barley, Russian thistle, and 
other annuals. 

If this site is in excellent condition, the average 
annual yield of air-dry herbage is 2,500 pounds per 
acre. It increases to 3,000 pounds per acre in favor- 
able years and decreases to 1,500 pounds or less per 
acre in unfavorable years. 


LOAMY UPLAND RANGE SITE 


This range site occurs throughout the county in 
small, steep areas intermingled with areas used for 
crop production. In most areas the site is in fair to 
good condition. In many of the cropped areas, the crop 
residue of the previous season. is grazed. 

If this site is in excellent condition, it can support 
many of the decreaser grasses such as western wheat- 
grass, sideoats grama, little bluestem, slimflower scurf- 
pea, and tall dropseed. The decreaser plants make up 
about 50 percent of the total production, and the rest 
is mainly increaser plants. 

Common increasers are buffalograss, blue grama, 
western ragweed, and pricklypear. The site is com- 
monly invaded by annual three-awn, windmillgrass, 
little barley, kochia, wavyleaf thistle, and common sun- 
flower. 

If this site is in excellent condition, the average 
annual yield of air-dry herbage is 1,700 pounds per 
acre. It increases to 2,000 pounds per acre in favorable 
years and decreases to 800 pounds or less per acre in 
unfavorable years. 


SALINE SUBIRRIGATED RANGE SITE 


This range site, which consists only of Caruso loam, 
is mainly along the Smoky Hill River. It is subject to 
occasional flooding. The water table fluctuates between 
2 and 6 feet and is generally deeper than 4 feet during 
the growing season. This site is generally in fair condi- 
tion and produces mainly inland saltgrass. Tradition- 
ally it receives heavy grazing pressure because it stays 
green longer than other sites. 

If this site is in excellent condition, it can support 
decreaser grasses such as switchgrass, indiangrass, al- 
kali sacaton, sideoats grama, and western wheatgrass. 
The decreaser plants make up 90 percent of the total 
production, and the rest is mainly increaser plants. 


Common increasers are inland saltgrass, sedges, 
western ragweed, blue grama, and buffalograss. The 
site is commonly invaded by alkali muhly, little bar- 
ley, annual brome, and tamarisk. 

If this site is in excellent condition, the average 
annual yield of air-dry herbage is 5,000 pounds per 
acre, Very little difference in yield will be noticed dur- 
ing dryer periods because of the subirrigated condi- 
ion. 


SANDY RANGE SITE 


Only Otero fine sandy loam, undulating, is in this 
range site. It is in small areas bordering the larger 
streams and the Smoky Hill River. Generally it is in 
only fair condition under the present grazing use, and 
sand dropseed, blue grama, and western wheatgrass 
carry the grazing load. Improved management rees- 
tablishes many of the more desirable plants. 

If this site is in excellent condition, it can support 
decreaser grasses such as sand bluestem, little blue- 
stem, switchgrass, and sideoats grama. The decreaser 
plants make up about 60 percent of the total produc- 
tion, and the rest is mainly increaser plants. 

Common increasers are buffalograss, blue grama, 
western wheatgrass, sand dropseed, sand paspalum, 
and Scribner’s panicum. The site is commonly invaded 
by windmillgrass, tumblegrass, sandbur, annual three- 
awn, and sunflower. 

If this site is in excellent condition, the average 
annual yield of air-dry herbage is 1,700 pounds per 
acre. It increases to 2,100 pounds per acre in favorable 
years and decreases to 1,200 pounds or less per acre in 
unfavorable years. 


SANDY LOWLAND RANGE SITE 


This range site occurs on the low terraces and flood 
plains along the Smoky Hill River and its larger tri- 
butaries in the southern part of the county (fig. 16). 
Some of these areas are subject to flooding, and most 
receive runoff from adjacent areas. Much of the native 
vegetation is mid grasses and tall grasses with scat- 
tered areas of sand sagebrush. 

If this site is in excellent condition, it can support 
decreaser grasses such as indiangrass, little bluestem, 
sand bluestem, sideoats grama, and Canada wildrye. 
The decreaser plants make up 80 percent of the total 
production, and the rest is mainly increaser plants. 

Common increasers are blue grama, sand paspalum, 
Scribner’s panicum, sand sagebrush, and small soap- 
weed. The site is commonly invaded by annual three- 
awn, common sunflower, cocklebur, and windmillgrass. 

If this site is in excellent condition, the average an- 
nual yield of air-dry herbage is 2,800 pounds per acre. 
It increases to 3,500 pounds per acre in favorable years 
and decreases to 1,800 pounds or less per acre in un- 
favorable years. 


SHALLOW LIMY RANGE SITE 


This site consists only of the Canlon part of Campus- 
Canlon complex, 3 to 40 percent slopes. It occurs mainly 
along the larger drainageways throughout the county. 
It_is associated with the soils that are shallow over 
caliche. Although it is not large in area, this site is a 
good grass producer and supports a number of the de- 
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Figure 16.—The Sandy Lowland range site in the background supplies good high-quality forage for livestock. A Chalk Flats range 
site is in the foreground. 


sirable decreaser plants. This site is less accessible to 
livestock than the Limy Upland site. 

If this site is in excellent condition, it can support 
decreaser plants such as sideoats grama, little blue- 
stem, big bluestem, switchgrass, and Canada wildrye. 
The decreaser plants make up about 70 percent of the 
total production, and the rest is mainly increaser plants. 

Common increasers are blue grama, hairy grama, 
sand dropseed, and broom snakewood. The site is com- 
monly invaded by annual three-awn, six-weeks fescue, 
and annuals. 

If this site is in excellent condition, the average an- 
nual yield of air-dry herbage is 1,400 pounds per acre. 
It increases to 1,600 pounds per acre in favorable years 
and decreases to 800 pounds or less per acre in unfa- 
vorable years. 


Windbreaks and Environmental Plantings 


Gove County has no native forest or large areas of 
woodland. Narrow bands of trees grow along the chan- 
nel of the larger streams but are-of minor extent, The 
main native trees are cottonwood, hackberry, willow, 
and chokecherry. Trees and shrubs are planted mainly 


for windbreaks, shade, or landscaping purposes. Most 
trees and shrubs are planted around farm or ranch 
headquarters, corrals, and feed yards to protect these 
areas from cold winds in winter and hot winds in sum- 


mer. 

Table 3 shows the height that selected locally suited. 
trees are expected to reach on various kinds of soils in 
20 years. The estimated heights are based on measure- 
ments and observations of established plantings that 
have been given adequate care. The estimates can be 
used as a quide in planning windbreaks and screens. 
Additional information about planning and managing 
windbreaks and screens can be obtained from the local 
office of the Soil Conservation Service, Extension Ser- 
vice, or local nurserymen. 

Windbreak plantings reduce wind velocity and con- 
trol drifting snow (fig. 17). They also make the farm- 
stead more attractive and provide food and cover for 
wildlife. Properly designed windbreaks greatly reduce 
the wind chill index and reduce the amount of fuel 
needed for heating. They also keep drifting snow out 
of the farm yard and livestock handling areas. All of 
these factors increase the value of the property. 

Environmental plantings beautify homes and other 
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TABLE 3.—Windbreaks and environmental plantings 


[Dashes mean that the species does not grow well on that soil. Only soils suited to trees are listed] 


Expected heights of specified trees at 20 years of age 


Soil series and 
map symbols Ponder- | Eastern | Honey- | Siberian | Osage- | Russian- | Hack- master Green 
osa pine |redcedar | locust elm orange olive berry ed ash 
Ft Ft Ft Ft Ft Ft Ft Ft Ft 
Angelus: An ~-----~--------------_ 20 24 24 35 20 20 20 457) ee 
Bridgeport: Br -------------------- 25 25 28 45 30 22 35 55 35 
Campus: Ce  ----~-------.----------| 
Canlon part is unsuited. 15 16 22 28 18 16 20 feos 
Carlson: 

Gd). Dest we et ee ee 24 24 24 33 18 18 20) (oa foe. 

Campus part of Cd ---------~---- 15 16 22 28 18 16 20; bonne cal 
Caruso:) “Cr-wiess seen cecse eel 26 28° | 42 28 20 82 BO fe 
Elkader: 

15 15 20 28 15 15 

15 15 18 25 15 15 
Harney: Ha, Hb ~---~------.------_ 24 24 24 33 18 18 OF [iced 20 
Inavale: In ---.~-..---------_~-_.-- 25 23 25 40 26 20 30 50 28 
Keith: Ka, Kb --------------------- 21 17 23 32 20 20 80 |_-------- 20 
Kim: 

Kip asi She see ee ee 18 18 25 25 15 20 (1,35) ene en Nears aoe 

Penden part of Kp -------------- 20 20 27 35 20 20 1) a Re ey 
Manvel: Ma, Mb —-------------_--_ 15 15 18 25 15 15 1 3 Cree ele Bae eee 
Badland part of Mb is unsuited. 
Munjor: 

Me: (Md) cents son 22 bo 25 25 28 45 35 20 35 50 30 
Bridgeport part of Mc ----------- 25 25 28 45 85 22 35 55 35 
Inavale part of Md 25 23 25 40 32 20 

Otero: Ot ---~---. 15 10 15 20 15 15 
Penden: Pe ~---~-.. 20 20 27 85 20 20 
Roxbury: Ra, Rb, Rx ---------------- 25 25 30 45 35 22 
Ulysses: Ua, Ub, Uc, Ud, Ue -------_-- 18 15 20 28 18 15 $0 lenahons se 20 


buildings and screen them from noise as well as from 
climatic factors. The plants, mostly evergreen shrubs 
and trees, should be closely spaced. To insure a high 
degree of plant survival, healthy planting stock of 
suitable shrubs and trees should be planted properly 
on a well prepared site and maintained in good condi- 
tion. 


Wildlife * 
The soils of Gove County provide suitable habitat 


*Ropert J. Hiccins, biologist, Soil Conservation Service, 
helped prepare this section. 


for many kinds of animals and birds. Table 4 rates the 
potential of the soils for wildlife habitat. 

Alluvial soils along the Hackberry and Big Creeks 
and the Smoky Hill River provide habitat for deer, 
raccoon, muskrat, opossum, and songbirds. 

Both mule deer and white-tailed deer are increasing 
in the county. The best white-tailed deer habitat is 
along the major streams. Raccoon, beaver, skunk, opos- 
sum, and muskrat are commonly near wet areas along 
streams in the county ; cottontail also live in the county. 

The ringnecked pheasant, which is the most impor- 
tant bird in the county, is well suited to cropland and 
range. Insect-eating birds, hawks, and other birds of 
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Figure 17.—Drifted snow caught in a farmstead windbreak on Ulysses silt loam, 


‘prey, as well as meadowlarks, robins, mourning doves, 
cardinals, and other songbirds inhabit the county. Mi- 
grating waterfowl use farm ponds and the water 
ponded in upland depressions as resting places during 
their migration through Kansas. 

Many farm ponds provide good to excellent fishing 
for bass, bluegill, channel catfish, and bullheads. The 
estimated annual fish production from farm ponds is 
100 to 300 pounds per acre. All stocked fish should be 
harvested to maintain a balanced population; the an- 
nual yield should be kept in mind when fishing a pond. 
The Hackberry and Big Creeks in Gove County and 
Cedar Bluff Reservoir in adjoining Trego County offer 
additional fishing opportunities. 

Soils directly affect the kind and amount of vegeta- 
tion that is available to wildlife as food and cover, and 
soils also affect the development of water impound- 
ments. The kind and abundance of wildlife that 
populate an area depend largely on the amount and 
distribution of food, cover, and water. If any one of 
these elements is missing, inadequate, or inaccessible, 
wildlife will either be scarce or will not inhabit the 


area. 
If the soils have the potential, wildlife habitat can 


be created or improved by planting appropriate vege- 
tation, by properly managing the existing plant cover, 
ena py fostering the natural establishment of desirable 
plants. 

In table 4 the soils in the survey area are rated ac- 
cording to their potential to support the main kinds of 
eens habitat in the area. This information can be 
used in— 


1. Planning the use of parks, wildlife refuges, 
nature study areas, and other developments 
for wildlife. 

2. Selecting soils that are suitable for creating, 
improving, or maintaining specific elements 
of wildlife habitat. 

3. Determining the intensity of management 
needed for each element of the habitat. 

4. Determining suitable areas to acquire for 
wildlife management. 


The potential of the soil for producing habitat is 
described as good, fair, poor, or very poor in table 4. 
Good means that the element of wildlife habitat or the 
kind of habitat is easily created, improved, or main- 
tained. Few or no limitations affect management, and 


[See 


TABLE 4.—Wildlife habitat potentials 


text for definitions of “good,” “fair,” “poor,” and “very poor.” Dashes indicate that the soil was not rated] 


Potential for habitat elements 


Potential as habitat for— 


Soil series and ‘Grain Wild 2 
map symbols and Grasses herba- Conif- Wetland | Shallow | Qpenland | Wetland | Rangeland 
seed | ),20d.. |  ceous erous | Shrubs | ‘plants | Water | ‘wildlife | wildlife | wildlife 
crops eu plants Pp 
Angelus: An ~--------~.------| Fair ----_| Fair ----. Fair: o--2[ eo Fair ~--.— Poor ~----| Poor .—--- Fair ----_| Poor ~-~_-| Fair. 
Bridgeport: Br —~--_----------- Good ~_--— Good ~---_| Good —~--~|__-_------. Fair —_--.| Poor —~---| Poor —----| Good ~--..| Poor —~---_ Fair. 
Campus: Cc —~~~s--------~---_) Fair ~---_| Good -~---. Good ~-~-_|__--------_ Poor __.--| Very Very Fair —_.-- Very Fair. 
poor. poor, poor. 
Canlon part of Cc ~--------| Poor __---' Very Poor —--__| |.__-----_-_| Fair ~---_| Very Very Poor -----| Very Fair. 
poor. poor. 
Carlson: Cd -~ ~----| Poor —~~--! Fair —---- Fair Poor. 
Campus part of Cd ---_--__| Fair ~----| Good -----| Good ~--~~|-----------| Poor —---- Very Very Fair Fair. 
poor. poor. 
Caruso: Cr ~-~~------~------_ Fair —----| Fair ~~---| Good —----|__-----~--. Fair __.._| Fair ----- Fair —---- Fair Fair. 
Dix. Dx: sa22oss2se- os Very Poor ----- Poor Loose |2ce esos Poor ~----| Very Very Very Very Poor. 
poor. poor. poor. poor. poor. 
Elkader: 
Eb ~----____.---------------| Good ~----| Good ~.---| Poor. 
~----+--------------------| Fair ----.] Good ~---- Poor. 
-------------------~-----| Poor ~----| Fair ----- Poor. 
Fair. 
Poor. 
--|Good ~---- Poor. 
Inavale: In ~-----------------| Fair -----| Fair ~-~__| Very 
poor. 
Keith: Ka, Kb ~--------------- Good ~----| Good -.--- Fair —____ Fair ~_--- Good ~---- Very Very Good -_---|] Very Good. 
poor. poor, poor. 
Kim: Kp --------------------| Poor -----| Fair ~--__| Pair :22s2[oc-) 2s Poor ~----| Very Very Fair --_-- Very Fair. 
poor. poor. poor. 
Penden part of Kp ---------| Poor ~----| Fair ~~--_| Fair sso0- [ses ceooUs Poor -_---| Very Poor —.-_-| Fair __---| Very Fair. 
poor. poor. 
Manvel: Ma, Mb ~---~-------- Poor ~-—--| Poor ~----| Fair ~---_|----------_| Fair .___| Poor __---| Very Poor ~----|----------~| Fair. 
poor. 
Badland part of Mb —~------| Very Very Pook yee Poor ~-~--| Very Very Very Very Poor. 
poor. poor. poor. poor. poor. poor. 
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Munjor: 

Me, Md ~~-----------------_. Fair ~---_ Fair —~-~_| Good ~_.__|-------~---- Good ~---.| Poor ---_. Poor ----_ Fair —---- Poor _---- Good. 
Bridgeport part of Mc —---~- Good ~---_| Good ~--~_| Good ~-_-~|-----~----- Fair ----_ Poor —.---| Poor ~-.-_| Good ----- Poor —----| Fair. 
Very Very Fair — ~~~ Very Good. 

Inavale part of Md —~---_--_ Fair __--. Fair ~-~--] Good ~----| Fair -----| Fair ~---_' poor. poor. poor. 
Oteros! “OF (ozs ose en ee Poor ~_--- Fair ~----| Fair ----_ ee) Bair sso Poor ----_| Very Fair .----| Very Fair. 

Poor. poor. 
Penden: Pe ~--------------___ Fair ~----| Good ~---_| Fair —~---_ |_-____-----| Poor ~---_| Very Poor -_---| Fair —---= Very Fair. 

poor. poor. 
Pleasant: Pt .--_._-_.-.-----_ Poor —----| Fair ~----| Fair ~----j--..--_-----| Fair ~---_| Poor —~-~_} Poor -----| Fair —---- Poor .----| Fair. 


Fair —_... Poor --~.- Fair ----- Good ~---- Poor _---- Fair. 


Fair Fair. 


Fair —----| Poor ~---- Fair —---- Poor ----- Poor _----| Fair. 


Poor ~---- Poor ~.---| Fair -.--.| Fair ---.- Poor ~----| Fair. 


Poor ~.---| Poor —--._' Poor ~---- Fair ----- Poor _-~--| Fair. 


Poor -----| Very Very Fair ----~ Very Fair. 
poor. poor. poor. 


SVSNVM ‘ALNNO9 GAoD 


68 


40 SOIL SURVEY 


satisfactory results can be expected when the soil is 
used for the designated purpose. 

Fair means that the element of wildlife habitat or 
kind of habitat can be created, improved, or main- 
tained in most places. Moderate intensity of manage- 
ment and fairly frequent attention are required for 
satisfactory results. 

Poor means that limitations are severe for the des- 
ignated element or kind of wildlife habitat. Habitat 
can be created, improved, or maintained in most places, 
pet peeneecMeny is difficult and requires intensive 
effort. 

Very poor means that restrictions for the element 
of wildlife habitat or kind of wildlife are very severe, 
and that unsatisfactory results can be expected. Wild- 
life habitat is impractical or even impossible to create, 
improve, or maintain on soils having such a rating. 

The elements of wildlife habitat are briefly des- 
cribed in the following paragraphs. 

Grain and seed crops are seed-producing annuals 
used by wildlife. Examples are corn, sorghum, wheat, 
oats, and barley. Major soil properties that affect the 
growth of grain and seed crops are depth of the root 
zone, texture of the surface layer, available water ca- 
pacity, wetness, slope, surface stoniness, and flood 
hazard. Soil temperature and soil moisture are also 
considerations. 

Grasses and legumes are domestic perennial grasses 
and herbaceous legumes that are planted for wildlife 
food and cover. Examples are fescue, bluegrass, 
switchgrass, bromegrass, clover, and alfalfa. Major 
soil properties that affect the growth of grasses and 
legumes are depth of the root zone, texture of the sur- 
face layer, available water capacity, wetness, slope, 
surface stoniness, and flood hazard. Soil temperature 
and soil moisture are also considerations. 

Wild herbaceous plants are native or naturally es- 
tablished herbaceous grasses and forbs, including 
weeds, that provide food and cover for wildlife. 
Examples are bluestem, indiangrass, switchgrass, 
goldenrod, beggarweed, wheatgrass, and grama. Ma- 
jor soil properties that affect the growth of these 
plants are thickness of the soil, texture of the surface 
layer, available water capacity, wetness, surface stoni- 
ness, and flood hazard. Soil temperature and soil mois- 
ture are also considerations. 

Coniferous plants are cone-bearing trees, shrubs, or 
ground cover that furnish cover or supply food in the 
form of browse, seeds, or fruitlike cones. They are 
commonly established through natural processes but 
ean be planted or transplanted. Examples are pine, 
spruce, fir, cedar, and juniper. Major soil properties 
that affect the growth of coniferous plants are depth 
of the root zone, available water capacity, and wetness. 

Shrubs are bushy woody plants that produce fruits, 
buds, twigs, bark, or foliage used by wildlife or that 
provide cover and shade for some species of wildlife. 
Examples are bitterbush, snowberry, and sand sage- 
brush. Major soil properties that affect the growth of 
shrubs are depth of the root zone, available water ca- 
pacity, salinity, and moisture. 

Wetland plants are annual and perennial wild her- 
baceous plants that grow on moist or wet sites, exclu- 
sive of submerged or floating aquatics, They produce 


food or cover for wetland wildlife. Examples of wet- 
land plants are smartweed, sedges, reeds, saltgrass, 
cordgrass, and cattail. Major soil properties affecting 
wetland plants are texture of the surface layer, wet- 
ness, reaction, salinity, slope, and surface stoniness. 

Shallow water areas are bodies of surface water that 
have an average depth of less than 5 feet and that are 
useful to wildlife. They can be naturally wet areas, or 
they can be created by dams or levees or by water con- 
trol devices in marshes or streams, Examples are musk- 
rat marshes, water fowl feeding areas, wildlife 
watering developments, beaver ponds, and other wild- 
life ponds. Major soil properties affecting shallow 
water areas are depth to bedrock, wetness, surface 
stoniness, slope, and permeability. The availability of 
a dependable water supply is important if water areas 
are to be developed. 

The kinds of wildlife habitat are briefly described in 
the following paragraphs. 

Openland habitat consists of croplands, pastures, 
meadows, and areas that are overgrown with grasses, 
herbs, shrubs, and vines. These areas produce grain 
and seed crops, grasses and legumes, and wild herba- 
ceous plants. The kinds of wildlife attracted to these 
areas include bobwhite quail, pheasant, meadowlark, 
field sparrow, killdeer, jackrabbit, cottontail, coyote, 
and prairie dog. 

Wetland habitat consists of water-tolerant plants 
in open, marshy, or swampy shallow water areas. Ex- 
amples of wildlife attracted to this habitat are ducks, 
geese, herons, shore birds, rails, kingfishers, muskrat, 
raccoon, opossum, mink, and beaver. 

Rangeland habitat consists of wild herbaceous 
plants and shrubs on range. Examples of wildlife at- 
tracted to this habitat are antelope, white-tailed deer, 
mule deer, prairie dogs, jackrabbits, and meadowlarks. 

Onsite technical assistance in planning for wildlife 
and in choosing suitable kinds of vegetation for plant- 
ing can be obtained from the office of the Soil Conser- 
vation Service. Additional information and assistance 
can be obtained from the U. S. Fish and Wildlife 
Service; the Kansas Forestry, Fish, and Game Com- 
mission; and the Extension Service. 


Recreation * 


Knowledge of soils is necessary in planning, develop- 
ing, and maintaining areas to be used for recreation. 
In table 5 the soils of Gove County are rated according 
to limitations that affect their suitability for camp 
areas, playgrounds, picnic areas, and paths and trails. 

Historical and. established scenic points of interest 
include Castle Rock near the southeastern corner of 
the county and the Pyramids or Monument Rocks in 
the southwestern part of the county. Both of these are 
along the old Butterfield trail and are visited by tour- 
ists and local people during the year (fig. 18). 

The chalk outcrops in the southern part of the county 
are popular fossil and rock hunting areas (fig. 19). 
Shark teeth, fish bones, iron pyrite, petrified wood, and 


dendritic opal are among the items collected. 


‘Ropert J. HiccIns, biologist, Soil Conservation Service, 
helped prepare this section. 
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TABLE 5.—Recreational development 


[“Percs slowly” and some of the other terms that describe restrictive soil features are defined in the Glossary. See text for 
definitions of “slight,” “moderate,” and “severe.” An asterisk in the first column indicates that at least one mapping unit in this 
series is made up of two or more kinds of soil. See the description of the mapping unit for the composition and behavior char- 
acteristics of the mapping unit} 


Degree and kind of limitation for— 
Soil series and 


map symbols 
Camp areas Picnic areas Playgrounds Paths and trails 
Angelus: An ~~----~-~--- Severe: floods -.---__| Moderate: floods ----| Moderate: floods ----| Slight. 
Bridgeport: 8r ---------- Severe: floods -___-__ Moderate: floods —- --| Severe: floods ~-----_ Slight. 
*Campus: Cc: 
ampus part -------— Moderate: Moderate: too Severe: slope _------ Moderate: too clayey. 
too clayey. clayey. 
Canlon part .--------- Severe: slope —~---__. Severe: slope ------- Severe: depth Moderate: slope. 
to rock. 
*Carlson: Cd: 
Carlson part ~------.- Moderate: Slight -----------~-~-| Moderate: Slight. 
percs slowly. percs slowly. 
Campus part --------- Moderate: Moderate: too Moderate: Moderate: too clayey. 
too clayey. clayey. too clayey. 
Caruso: Cr ~-~_~.------- Severe: floods ..-_... Moderate: floods, Severe: floods ~-----_ Slight. 
wetness. 
“Dix¢: ~Dx..2ss-2c ee Severe: slope —____--_ Severe: slope ------- Severe: slope —~-_---- Moderate: slope. 
*Elkader: 
Eb, Ec -----_------------ Slight. 2-224 sana Slight: 222-222ee425 2) Moderate: slope —---~ Slight. 
Ed: 
Elkader part —------- Moderate: slope —---_ Moderate: slope —.--- Severe: slope —------ Slight. 
Manvel part --------- Moderate: Moderate: dusty, Severe: slope ---.---| Moderate: dusty. 
dusty, slope. slope. 
Harney: Ha, Hb ~---__--_ Moderate: Slipht:.22i22-2-2h20255) Moderate: Slight. 
percs slowly. percs slowly. 
*Inavale: [fn —---------.-- Severe: too sandy, Severe: too sandy, Severe: too sandy, Moderate: too sandy. 
floods. floods. floods. 
Keith " 
Ka seeeSenauesanseat Slight ------_-------_ Slight. 2-<c.-42 Slight --------------- Slight. 
Kb? thet ieee Slight _____--------__ Slight .__------------ Moderate: slope —-~-_! Slight. 
“Kim: Kp: 
Kim part ~---_------- Moderate: dusty, Moderate: dusty, Severe: slope _---.-. Moderate: dusty. 
slope. slope. 
Penden part ~-----.~- Moderate; too Moderate: too Severe: slope —------ Moderate: too clayey. 
clayey. clayey. 
*Manvel 
Ma -------------------- Moderate: dusty ----) Moderate: dusty ---- Modstate: dusty, Moderate: dusty. 
slope. 
Mb: 
Manvel part —~______-_ Moderate: dusty, Moderate: dusty, Severe: slope -------| Moderate: dusty. 
slope. slope. 
Badland part -------_ Severe: slope ------- Severe: slope —.----- Severe: slope —.-----| Severe: slope. 
*Munjor: 
Mc, Md ~---------_------ Severe: floods .-_---. Moderate: floods --__] Moderate: floods -_-| Slight. 
Bridgeport part of Mc--| Severe: floods _------| Moderate: floods ._--| Severe: floods --__--- Slight. 
Inavale part of Md __-_| Severe: too sandy ---| Severe: toosandy ---| Severe: Moderate: too sandy. 
too sandy. 
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TABLE 5.—Recreational development—Continued 


Degree and kind of limitation for— 
Soil series and 
map symbols Loa . 
Camp areas Picnic areas Playgrounds Paths and trails 
Otero: Ot -------------- Slight ~--------------| Slight ..-.--.-----=---- Slight _---=---------- Slight. 
Penden: Pe ------------- Moderate: Moderate: too Moderate: Moderate: too clayey. 
too clayey. clayey. too clayey. 
Pleasant: Pt ~----------- Severe: floods ---_---| Moderate: floods, Severe: floods ~-----_ Moderate: too clayey. 
too clayey. 
*Roxbury: 
Re, ti esteoce uso sso Slight -.------------- Slight --------------- Slight _-------_---~-- Slight 
Rb. Rx; cseeecost esse ees Severe: floods -.-.--- Moderate: floods ___.| Severe: floods __.-____ Slight 
Ulysses: 
Ud: cane ccescenes-22|\ Slight: 22------4 2-4! Slight: 22 ve s2 a) Blight: 42-22-2252 Slight. 
Ub, Uc, Ue Moderate: slope --| Slight. 
Ud: inc. 222— coe ve slope _---.- Slight. 


Small golf courses are at Quinter, Grainfield, and 
Grinnell, and a swimming pool is at Quinter. 

Fishing in the county is mainly in privately owned 
stockwater ponds. Bass, bluegill, channel cat, and bull- 
head are the main species. 

In table 5 the soils are rated as having slight, mod- 
erate, or severe limitations for specific uses. For all 
ratings it is assumed that a good cover of vegetation 
can be established and maintained. A limitation of 
slight means the soil properties are generally favor- 
able and limitations are so minor that they can be 
easily overcome. A moderate limitation can be over- 
come or modified by planning, by design, or by special 
maintenance. A severe limitation means that costly 
soil reclamation, special design, intense maintenance, 
or a combination of these, is required. 

Camp areas are used intensively for tents, pickup 
campers, and small camp trailers and the accompany- 
ing activities of outdoor living. Little preparation of 
the site is required, other than shaping and leveling 
for tent and parking areas. Camp areas are subject 
to heavy foot traffic and limited vehicular traffic. The 
best soils have mild slopes, good drainage, and a sur- 
face free of rocks and coarse gravel fragments and 
are not subject to flooding during periods of heavy use; 
their surface is firm after rain but not dusty when dry. 

Playgrounds are areas used intensively for baseball, 
football, badminton, and other organized sports. Soils 
suitable for this use need to withstand intensive foot 
traffic. The best soils have a nearly level surface free of 
coarse fragments and rock outcrops. They have good 
drainage and are not subject to flooding during periods 
of heavy use. Their surface is firm after rain but not 
dusty when dry. If grading and leveling are required, 
depth to rock is important. 

Picnic areas are attractive natural or landscaped 
tracts used mainly for preparing meals and eating out- 
doors. These areas are subject to heavy foot traffic. 


Most of the vehicular traffic, however, is confined to 
access roads. The best soils are firm when wet but not 
dusty when dry, are free of flooding during the season 
of use, and do not have slopes or stoniness that greatly 
anerenre the cost of leveling sites or of building access 
roads. 

Paths and trails are used for local and cross-country 
travel by foot or horseback. Design and layout should 
require little or no earth moving. The best soils are at 
least moderately well drained, are firm when wet but 
not dusty when dry, are flooded not more than once 
during the season of use, have slopes of less than 15 
pee, and have few or no rocks or stones on the sur- 

‘ace. 

For further assistance in planning recreation areas 

contact the local office of the Soil Conservation Service. 


Engineering ° 


This section provides information to engineers, 
landowners, community decision makers and planners, 
town and city managers, land developers, builders, con- 
tractors, and farmers and ranchers about the use of 
soils for building sites, sanitary facilities, construction 
materials, and water management. 

The ratings in tables in this section are based on 
test data and estimated data in the “Soil Properties” 
section. The ratings were determined jointly by soil 
scientists and engineers of the Soil Conservation Ser- 
vice on the basis of known relationships between the 
soil properties and the behavior of soils in various en- 
gineering uses. 

Among the soil properties and site conditions identi- 
fied by the soil survey and used in determining the 
ratings in this section are grain-size distribution, li- 


_ “DANIEL R, DENNELER, civil engineer, Soil Conservation Serv- 
ice, helped prepare this section. 
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Figure 18.—Recreation wagon train in open prairie in the southeastern part of the county. 


quid limit, plasticity index, soil reaction, depth to and 
hardness of bedrock within 5 or 6 feet of the surface, 
soil wetness characteristics, depth to a seasonal water 
table, slope, likelihood of flooding, natural soil struc- 
ture or aggregation, in-place soil density, and geologic 
origin of the soil] material. Where pertinent, data about 
kinds of clay minerals, mineralogy of the sand and 
silt fractions, and the kind of absorbed cations were 
also considered. 
Based on the information assembled about soil pro- 5 
perties, ranges of values may be estimated for erodi- 
bility, permeability, corrosivity, shrink-swell potential, 6 
available water capacity, shear strength, compressibil- 7. 
ity, slope stability, and other factors of expected soil . 
behavior in engineering uses. As appropriate, these 
values may be applied to each major horizon of each 8 
soil or to the entire profile. ¥ 
These factors of soil behavior affect construction 
and maintenance of roads, airport runways, pipelines, 
foundations for small buildings, ponds and small dams, 
irrigation projects, drainage systems, sewage and re- 
fuse disposal systems, and other engineering works. 9. 
Information in this section of the soil survey can be 
helpful to those who— 


ca ae 


Select potential residential, commercial, in- 
dustrial, and recreational areas. 

Make preliminary estimates pertinent to con- 
struction in a particular area. 

Evaluate alternate routes for roads, streets, 
highways, pipelines, and underground cables. 
Evaluate alternate sites for location of sani- 
tary landfills, onsite sewage disposal systems, 
and other waste disposal facilities. 

Plan detailed onsite investigations of soils and 
geology. 

Seek sources of gravel, sand, clay, and topsoil. 
Plan farm drainage systems, irrigation sys- 
tems, ponds, terraces, and other structures for 
soil and water conservation. 

Relate performance of structures already 
built to the properties of the soil on which, 
they are built so that performance of similar 
structures on the same or a similar soil in 
other locations can be predicted. 

Predict the trafficability of soils for cross- 
country movement of vehicles and construc- 
tion equipment. 
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Figure 19.—An area of chalk outcrops that shows many rocks, 
some of which are collected as semiprecious stones. 


Data presented in this section are useful for land- 
use planning and for choosing alternative practices or 
general designs that will overcome unfavorable soil 
properties and minimize soil-related failures. Limita- 
tions to the use of these data, however, should be well 
understood. First, the data are generally not presented 
for soil material below a depth of 5 or 6 feet. Also, be- 
cause of the scale of the detailed map in this soil sur- 
vey, small areas of soils that differ from the dominant 
soil may be included in mapping. Thus, these data do 
not eliminate the need for onsite investigations and 
testing. 

Most of the information in this section is presented 
in tables. Table 6 shows ratings of the degree and kind 
of limitations for building site development, table 7 
gives ratings for sanitary facilities, table 8 shows the 
suitability of each kind of soil as a source of construc- 
tion materials, and table 9 gives ratings for water 
management. 

The information in the tables, along with the soil 
map, the soil descriptions, and other data provided in 
this survey can be used to make additional interpreta- 
tions and to construct interpretive maps for specific 
uses of land. 

Some of the terms used in this soil survey have dif- 
ferent meanings in soil science and in engineering. 
The Glossary defines many of these terms. 


Building site development 


The degree and kind of soil limitations that affect 
shallow excavations, dwellings with and without base- 
ments, small commercial buildings, and local roads and 
streets are indicated in table 6. Soil limitations are 
expressed as slight, moderate, and severe. Slight means 
that soil properties are generally favorable for the 
given use, or, in other words, the limitations are minor 
and easily overcome. Moderate means that some soil 
properties and site features are unfavorable, but the 
limitations can be overcome or modified by special plan- 
ning and design. Severe means that soil properties or 
site features are so unfavorable or limitations are so 
difficult to overcome that a major increase in construc- 
tion effort, special design, or intensive maintenance is 
required. For some soils that have severe limitations 
such costly measures may not be feasible. 

Shallow excavations are used for pipelines, sewer 
lines, telephone and power transmission lines, base- 
ments, open ditches, and cemeteries. Such digging or 
trenching is influenced by the soil wetness resulting 
from a seasonal high water table, by the texture and 
consistence of soils, by the tendency of soils to cave in 
or slough, and by the presence of very firm, dense soil 
layers, bedrock, or large stones (fig. 20). In addition, 
excavations are affected by slope of the soil and the 


Figure 20.—Trench for a livestock water pipeline. 
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probability of flooding. Ratings do not apply to soil 
horizons below a depth of 6 feet unless otherwise noted. 

In the description of the representative profile in the 
section “Descriptions of the Soils,” the consistence of 
each soil horizon is given, and the presence of very 
firm or extremely firm horizons, generally difficult to 
excavate, is indicated. 

Dwellings and small commercial buildings are built 
on undisturbed soil and have foundation loads of dwell- 
ings no more than three stories high. For all these 
structures, soils should be sufficiently stable that they 
do not crack or subside as a result of settling or shear 
failure of the foundation material. These ratings were 
determined from estimates of the shear strength, com- 
pressibility, and shrink-swell potential of the soil. 
Soil texture, plasticity and in-place density, potential 
frost action, soil wetness, and depth to a seasonal high 
water table were also considered. Soil wetness and 
depth to a seasonal high water table indicate potential 
difficulty in providing adequate drainage for base- 
ments, lawns, and gardens. Depth to bedrock, slope, 
and the number of large stones in or on the soil are 
also important considerations in the choice of sites for 
these structures. Susceptibility to flooding is a serious 
limitation. 

Local roads and streets have an all-weather surface 
that can carry light to medium traffic all year. They 
consist of subgrade of the underlying soil material; a 
base of gravel, crushed rock fragments, or soil material 
stabilized with lime or cement; and a flexible or rigid 
surface, commonly asphalt or concrete. The roads are 
graded with soil material at hand, and most cuts and 
fills are less than 6 feet deep. 

The load-supporting capacity and the stability of 
the soil as well as the quantity and workability of fill 
material available are important in the design and 
construction of roads and streets. The AASHTO and 
Unified classifications of the soil and the soil texture, 
density, shrink-swell potential, and frost-action poten- 
tial are indicators of load-supporting capacity. Soil 
wetness, flooding, slope, depth to hard rock or very 
compact layers, and content of large stones all affect 
soil stability and ease of excavation. 

Sanitary facilities 

Favorable soil properties and site features are needed 
for proper functioning of septic tank absorption fields, 
sewage lagoons, and sanitary landfills. Table 7 shows 
the degree and kind of limitations of each soil for 
these uses and for use as daily cover for landfills. The 
nature of the soil is important in selecting sites for 
these facilities, and limiting soil properties and site 
features need to be identified and considered in de- 
signing and installing them. Also, soil properties that 
affect the ease of excavation or hinder the installation 
of these facilities are of interest to contractors and 
local officials. 

If the degree of soil limitation is indicated by the 
rating slight, soils are favorable for the specified use 
and limitations are minor and easily overcome; if mod- 
erate, soil properties or site features are unfavorable 
for the specified use, but limitations can be overcome 
by special planning and design; and if severe, soil pro- 
perties or site features are so unfavorable or difficult 


to overcome that major soil reclamation, special de- 
signs, or intensive maintenance are required. 

The terms good, fair, and poor have meanings 
roughly equivalent to the terms slight, moderate, and 
severe. 

Septic tank absorption fields are subsurface systems 
of tile or perforated pipe that distribute effluent from 
a septic tank into the natural soil. Only the soil hori- 
zons between depths of 18 and 72 inches are evaluated 
for this use. The soil properties and site features con- 
sidered are those that affect the absorption of the 
effluent and those that affect the construction of the 
system. 

Soil properties and features that affect absorption 
of the effluent are permeability, depth to seasonal high 
water table, depth to bedrock, and susceptibility to 
flooding. Stones, boulders, and a shallow depth to 
bedrock interfere with installation. Where absorption 
fields are installed in sloping soils, erosion and soil 
slippage are hazards and there may be lateral seepage 
and surfacing of the effluent in downslope areas. 

Some soils are underlain by loose sand and gravel or 
fractured bedrock less than 4 feet below the tile lines. 
In these soils the absorption field does not adequately 
filter the effluent, and as a result ground water supplies 
in the area may be contaminated. 

Percolation tests are performed to determine the 
absorptive capacity of the soil and its suitability for 
septic tank absorption fields. These tests should be per- 
formed during the season when.the water table is high- 
est and the soil is at minimum absorptive capacity. 

In many of the soils that have moderate or severe 
limitations for septic tank absorption fields, it may be 
possible to install special systems that lower the sea- 
sonal water table or to increase the size of the absorp- 
tion field so that satisfactory performance is achieved. 

Sewage lagoons are shallow ponds constructed to 
hold sewage while bacteria decompose the solid and li- 
quid wastes. Lagoons have a nearly level flow area 
surrounded by cut slopes or embankments of com- 
pacted, nearly impervious soi] material. They gener- 
ally are designed so that depth of the sewage is 2 to 5 
feet. Impervious soil at least 4 feet thick is required 
for the lagoon floor and sides to minimize seepage and 
the possibility of contaminating local ground water. 
Soils that are very high in organic matter and those 
that have stones and boulders are undesirable. Unless 
the soil has very slow permeability, contamination of 
local ground water is a hazard in areas where the 
seasonal high water table is above the level of the la- 
goon floor. In soils where the water table is seasonally 
high, seepage of ground water into the lagoon can ser- 
iously reduce its capacity for liquid waste. Slope, depth 
to bedrock, and susceptibility to flooding also affect the 
location of sewage lagoons or the cost of construction. 
The shear strength and permeability of compacted 
soils affect their performance as embankments. 

Sanitary landfill is a method of disposing of solid 
waste, either in excavated trenches or on the surface 
of the soil. The waste is spread, compacted in layers, 
and covered with thin layers of soil. Landfill areas are 
subject to heavy vehicular traffic. Ease of excavation, 
risk of polluting ground water, and trafficability affect 
the suitability of a soil for this purpose. The best soils 
have a loamy or silty texture, have moderate or slow 
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TABLE 6.—Buitlding site development 


[“Shrink-swell” and some of the other terms that describe restrictive soil features are defined in the Glossary. See text for 
definitions of “slight,” “moderate,” and “severe.” An asterisk in the first column indicates that at least one mapping unit in this 
series is made up of two or more kinds of soils. See description of the mapping unit for the composition and behavior character- 


Soil series and 


Degree and kind of limitation for— 


map symbols Shallow Dwellings without | Dwellings with | Small commercial 
excavations basements basements buildings 

Angelus: An —----------- Severe: floods --| Severe: floods -_| Severe: floods --| Severe: floods --| 

Bridgeport: Br ~-----.--- Severe: floods --| Severe: floods -.| Severe: floods .-) Severe: floods --| 

*Campus: Ce: 

Campus part —------~' Moderate: Moderate: Moderate: Moderate: 

depth to rock. low strength. depth to rock. low strength. 
Canlon part --------- Severe: Severe: Severe: Severe: 
depth to rock. depth to rock, depth to rock. depth to rock. 

*Carlson: Cd: 

Carlson part ~-------- Slight ---------- Moderate: Moderate: Moderate: 
shrink-swell, shrink-swell, shrink-swell, 
low strength. low strength. low strength. 

Campus part -~----.--_ Moderate: Moderate: Moderate: Moderate: 

depth to rock. low strength. depth to rock, low strength. 

Caruso: Cr —----..------ Severe: floods, Severe: floods -.) Severe: floods, Severe: floods —_ 

wetness. wetness, 

Dix? . Di oncatosee ee Severe: slope, Severe: slope --.}| Severe: slope --_] Severe: slope —_ 

small stones, 
eutbanks cave. 

*Elkader: 

Eb Sao wee at eee Slight ~--------- Slight _.--------| Slight ---------- Slight ~----_-_-- 
Bch ee Slight ~---------| Slight ~--.------ Slight ~--------~] Moderate: 

slope. 
Ed: 

Elkader part --------- Moderate: Moderate: Moderate: Severe: slope —_ 

slope. slope. slope. 

Manvel part --------. Moderate: Moderate: Moderate: Severe: slope _- 

slope. low strength, low strength, 
slope. slope. 

Harney: Ha, Hb ~------- Slight ---------- Severe: Severe: Severe: 
shrink-swell, shrink-swell, shrink-swell, 
low strength. low strength. low strength. 

*Inavale: In ..----------- Severe: Severe: floods -_) Severe: floods -_| Severe: floods —_ 

cutbanks cave, 
floods, 

Keith: Ka, Kb -----.----- Slight ---------- Moderate: Moderate: Moderate: 
shrink-swell. shrink-swell. shrink-swell. 

*Kim: Kp: 

Kim part ~.---------- Moderate Moderate: Moderate: Severe: slope .--| 

slope. low strength, low strength, 
slope. slope. 

Penden part ~-------- Moderate: Moderate: Moderate: Severe: slope --_ 

too clayey. low strength, low strength, 
shrink-swell. shrink-swell. 
*Manvel 
Ma) asicd-ncstaet cosa o Slight ~-------~-| Moderate: Moderate: Moderate: 
low strength. low strength. low strength. 


Local roads and 
streets 


floods. 
floods. 


Severe; 


Severe: 


Moderate: 
low strength. 


Severe: 
depth to rock. 


Severe: 
low strength. 


Moderate: 
low strength. 


Severe: floods. 


Severe: slope. 


Moderate: 
low strength. 


Moderate: 
low strength. 


Moderate: 
low strength, 


Moderate: slope, 
low strength. 


Severe: 
shrink-swell, 
low strength. 


Severe: floods, 


Moderate: 
shrink-swell. 


Moderate: 
low strength, 
slope. 


Severe: 
low strength. 


Moderate: 
low strength. 
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TABLE 6.—Building site development—Continued 


SS 
Degree and kind of limitation for— 
Soil series and Deere Rasores pe at 
map symbols Shallow Dwellings without | Dwellings with | Small commercial | Local roads and 
excavations basements basements buildings streets 
Manvel—Con. 
Mb: 
Manvel part --___.___ Moderate: Moderate: Moderate: Severe: slope ___| Moderate: slope, 
slope. low strength, low strength, low strength. 
slope. slope. 
Badland part --_.._..| Severe: slope --_] Severe: slope ---| Severe; slope _-_| Severe: slope _-_| Severe: slope. 
*Munjor: Me, Md 
(both parts) --------_. Severe: floods __| Severe: floods -_| Severe: floods __| Severe: floods __| Severe: floods. 
Inavale part of Md ~-_-- Severe: Severe: floods -_| Severe: floods -_| Severe: floods —_| Severe: floods. 
cutbanks cave, 
floods. 
Otero: Of —----._____W.W.. Slight ---------_] Slight ~--------- Slight ---------- Slight ----_-----] Slight. 
Penden: Pe ~-----_--_-__ Moderate: Moderate: Moderate: Moderate: Severe: 
too clayey. low strength, low strength, low strength, low strength. 
shrink-swell. shrink-swell. shrink-swell. 
Pleasant: Severe: floods --| Severe: floods, Severe: floods, Severe: floods, Severe: floods, 
shrink-swell. shrink-swell. shrink-swell. shrink-swell, 
low strength. 
*Roxbury 

Ro: pope ao has Moderates Severe: floods -_| Severe: floods ~_| Severe: floods ~_| Moderate: floods. 

loods. 

Rb; Re anes Severe: floods __| Severe: floods -_| Severe: floods -_| Severe: floods —_] Severe: floods. 

Ulysses: 

Ua, Ub; Uc, Ue ~~~ Slight --------__| Moderate: Moderate: Moderate: Moderate: 
shrink-swell, shrink-swell, shrink-swell, low strength, 
low strength. low strength. low strength. shrink-swell. 

Ud roc Serle aera Res Moderate: Moderate: Moderate: Severe: slope _-_| Moderate: 

slope. shrink-swell, shrink-swell, low strength, 
low strength, low strength, shrink-swell. 
slope. slope. 


permeability, are deep to bedrock and a seasonal water 
table, are free of large stones and boulders, and are not 
subject to flooding. In areas where the seasonal water 
table is high, water seeps into the trenches and causes 
problems in excavating and filling the trenches. Also, 
seepage into the refuse increases the risk of pollution 
of ground water. Clayey soils are likely to be sticky 
and difficult to spread. Sandy or gravelly soils gener- 
ally have rapid permeability that might allow noxious 
liquids to contaminate local ground water. 

Unless otherwise stated, the ratings in table 7 apply 
only to soil properties and features within a depth of 
about 6 feet. If the trench is deeper, ratings of slight 
or moderate may not be valid. Site investigation is 
needed before a site is selected. 

In the area type of sanitary landfill, refuse is placed 
on the surface of the soil in successive layers. The 
limitations caused by soil texture, depth to bedrock, 
and stone content do not apply to this type of landfill. 
Soil wetness, however, may be a limitation because it 
makes the operating of equipment difficult. 


Daily cover for sanitary landfills should be soil that 
is easy to excavate and spread over the compacted 
fill during both wet and dry weather. Soils that are 
loamy or silty and free of stones or boulders are better 
than other soils. Clayey soils may be sticky and difficult 
to spread; sandy soils may be subject to soil blowing. 

In addition to these features, the soils selected for 
final cover of landfills should be suitable for growing 
plants. Compared with other horizons, the A horizon 
in most soils has the best workability, more organic 
matter, and the best potential for growing plants. 
Thus, for either the area- or trench-type landfill, stock- 
piling material from the A horizon for use as the sur- 
face layer of the final cover is desirable. 

The soil material brought in for daily or final cover 
should be suitably thick, and the depth to a seasonal 
high water table of soils surrounding the site should 
be evaluated. Other factors to be evaluated are those 
that affect reclamation of the borrow areas, such as 
slope, erodibility, and potential for plant growth. 
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TABLE 7.—Sanitary facilities 


(“Percs slowly” and some of the other terms that describe restrictive soil features are defined in the Glossary. See text for 
definitions of “slight,” “moderate,” “good,” “fair,” and other terms used to rate soils. An asterisk in the first column indicates 
that at least one mapping unit in this series is made up of two or more kinds of soil. See the description of the mapping unit 


ehavior characteristics of the mapping unit] 


Degree and kind of limitation for— 


Soil series and 
map symbols 


Septic tank 
absorption fields 
Angelus: An —~----------| Severe: floods —_ 
Bridgeport: Br -------~-- Severe: floods -- 
*Campus: Cc: 
Campus part ~_------| Severe: 
depth to rock. 
Canlon part ..-------' Severe: 
depth to rock. 
*Carlson: Cd: 
Carlson part -....---. Moderate: 
percs slowly. 
Campus part ----.--_. Severe: 
depth to rock. 
Caruso: Cr —-----------. Severe: floods, 
wetness. 
SDixe: Dy-ctecsce ae Severe: slope ... 
*Elkader: 
Eb, Ec ------------------ Slight ---_---.-_ 
Ed: 
Elkader part ~.-_---__ Moderate: 
slope. 
Manvel part ------_-_ Moderate: 
slope. 
Harney: 
Hat Soccce ge re ee Severe: 
percs slowly. 
Fb oats eee eS Severe: 
percs slowly. 
“Inavale: tn ---------__. Severe: floods —_ 
Keith: Ka, Kb ~----.-____ Slight ----------] 
*Kim: Kp: 
Kim part ~--_-_--____ Moderate: 
slope, 
Penden part ~--.-____ Moderate: 
peres slowly. 
*Manvel 
Me: eh sane eee Slight -------_-_ 
Mb: 
Manvel part -----__.. Moderate: 


slope. 


Sewage lagoon 
areas 


floods ~- 
floods __| 


Severe: 
Severe: 
Severe: 

depth to rock. 


Severe: 
depth to rock. 


Moderate: 
slope, seepage. 


Severe: 
depth to rock. 


Severe: floods, 
wetness. 


Severe: 
seepage, slope, 


Moderate: 
seepage. 


Severe: slope, 
seepage. 


Severe: 
slope, seepage. 


Moderate: 
slope. 


Severe: floods, 
seepage. 


Moderate: 
seepage. 


Severe: slope _--| 


Severe: slope .-— 


Moderate: 
seepage, slope. 


Severe: slope, 
seepage, 


Caltability ior 
Trench sanitary Area sanitary aly cover -1Or. 
landfill landAll landfill 
Severe: floods -_| Severe: floods ~_| Good. 
Severe: floods __| Severe: floods __| Good. 
Severe: Moderate: Poor: 
depth to rock. slope. area reclaim. 
Severe: Severe: slope _-_| Poor: thin layer, 
depth to rock. slope. 
Moderate: Slight -~-------~-| Fair: 
too clayey. too clayey. 
Severe: Slight -------___ Poor: 
depth to rock. area reclaim. 
Severe: floods, Severe: floods, Good. 
wetness. wetness. 
Severe: Severe: Poor: slope, 
seepage, seepage, slope, too sandy, 
too sandy. area reclaim. 
Slight ----._-_~_| Slight-...2- 22-25) Good. 
Slight -----_-_-_| Moderate: Fair: slope. 
slope. 
Slight ----------| Moderate: Fair: slope, 
slope. area reclaim. 
Moderate: Slight ---------- Fair: too clayey. 
too clayey. 
Moderate: Slight ----_----- Fair: too clayey. 
too clayey. 
Severe: floods, Severe: floods, Poor: too sandy. 
seepage. seepage. 
Slight ~-----___. Slight ----_----- Good. 
Slight ---_-_-___ Moderate: Fair: slope. 
slope. 
Moderate: Moderate: Fair: too clayey. 
too clayey. slope. 
Slight ---------_] Slight ~---------| Fair: 
area reclaim. 
Slight ~----__--_ Moderate: Fair: slope, 
slope. area reclaim. 
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TABLE 7.—Sanitary facilities—Continued 


Degree and kind of limitation for— 
Soil series and 
AP SYIREES Septic tank Sewage lagoon Trench sanitary Area sanitary Suitability for 
absorption fields areas landfill landfill daily cover for 
landfill 
Manvel—Con. 
Badland part ~------_ Severe: Severe: Severe: Severe: slope .--| Poor: thin layer, 
depth to rock, depth to rock, depth to rock, slope. 
slope. slope. slope. 
*Munjor: Mc, Md ~~-.----| Severe: floods -_| Severe: floods, Severe: floods, Severe: floods, Good. 
seepage. seepage. seepage. 
Bridgeport part of Mc -_| Severe: floods --| Severe: floods --| Severe: floods -.| Severe: floods ~_| Good. 
Inavale part of Md ~---- Severe: floods --| Severe: floods, Severe: floods, Severe: floods, Poor: too sandy. 
seepage. seepage. seepage. 
Otero? Otc. nese Slight ---------- Severe: Slight ---------- Slight, 2.-5oe Good. 
seepage. 
Penden: Pe —.-...------- Moderate: Moderate: Moderate: Slight ~------.-- Fair: too clayey. 
percs slowly. seepage. too clayey. 
Pleasant: Pt ~----------- Severe: floods, Severe: floods -.) Severe: floods -_] Severe: floods --| Poor: too clayey. 
percs slowly. 
*Roxbury 
Ran taco eS Moderate: Moderate: Moderate: Moderate: Good. 
floods. floods. floods. floods. 
Rb cRK ae a Severe: floods -_| Severe: floods -.] Severe: floods --| Severe: floods ~-| Good. 
Moderate: Slight -------~-- Slight ~--------| Good. 
seepage. 
Severe: slope --| Slight --------~- Moderate: Fair: slope. 
slope. 


Construction materials 


The suitability of each soil as a source of road fill, 
sand, gravel, and topsoil is indicated in table 8 by rat- 
ings of good, fair, or poor. The texture, thickness, and 
organic-matter content of each soil horizon are impor- 
tant factors in rating soils for use as construction ma- 
terial. Each soil is evaluated to the depth observed and 
described as the survey is made, generally about 6 feet. 

Road fill is soil material used in embankments for 
roads. Since soil survey interpretations are oriented to 
local roads and streets rather than to highways, the 
ratings given in table 8 are for low embankments, gen- 
erally less than 6 feet high and less exacting in design 
than high embankments. The upper part of the road 
fill is considered as subgrade (foundation) for the 
road. The ratings reflect the ease of excavating and 
working the material and the expected performance 
of the material after it has been compacted and ade- 
quately drained. The performance of soil after it is 
stabilized with lime or cement is not considered in the 
ratings, but information about soil properties that de- 
termine such performance is given in the descriptions 
of soil series. 

The ratings apply to the soil profile between the A 


horizon and a depth of 5 to 6 feet. It is assumed that 
soil horizons will be mixed during excavation and 
spreading. Many soils have horizons of contrasting 
suitability within the profile. The estimated engineer- 
ing properties in table 10 provide more specific infor- 
mation about the nature of each horizon that can help 
determine its suitability for road fill. 

According to the Unified soil classification system, 
soils rated good have low shrink-swell potential, low 
potential frost action, and few cobbles and stones. They 
are at least moderately well drained and have slopes 
of 15 percent or less. Soils rated fair have a plasticity 
index of less than 15 and have other limiting features, 
such as moderate shrink-swell potential, moderate po- 
tential frost action, steep slopes, wetness, or many 
stones. If the thickness of suitable material is less than 
83 feet, the entire soil is rated poor, regardless of the 
quality of the suitable material. 

Sand and gravel are used in great quantities in many 
kinds of construction. The ratings in table 8 provide 
guidance as to where to look for probable sources of 
sizable quantities of sand or gravel. A soil rated good 
or fair has a layer of suitable material at least 3 feet 
thick, the top of which is within a depth of 6 feet. 
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TABLE 8.—Construction materials 


{“Shrink-swell” and some of the other terms that describe restrictive soil features are defined in the Glossary. See text for 
definitions of “good,” “fair,” “poor,” and “unsuited.” An asterisk in the first column indicates that at least one mapping unit in 
this series is made up of two or more kinds of soil. See description of the mapping unit for the composition and behavior 
characteristics of the mapping unit] 


Suitability as a source of — 
Soil series and 


meee Road fill Sand Gravel Topsoil 

Angelus: An —-~--------- Fair: low strength -.| Unsuited .---------___ Unsuited ~----------._| Good. 
Bridgeport: Br ---------- Fair: low strength -_| Unsuited --_____-____... Unsuited ~---.-------- Good. 
*Campus: Cc (both parts) -| Poor: thin layer --_-_ Unsuited ~---------_-_ Unsuited -_---_---_-_-- Poor: area reclaim. 
*Carlson: Cd: 

Carlson part ~-------_' Poor: low strength -_| Unsuited _--__________ Unsuited ~-----------_ Fair: too clayey. 

Campus part ------~._' Poor: thin layer --.-_ Unsuited _....--.__-- Unsuited _____________ Poor: area reclaim. 
Caruso: Cr —-------u.--' Fair: low strength -_| Unsuited ...-------_-- Unsuited _..__________| Good. 
*Dix? Dx: ceos2oc-s.--- = Fair: slope -------~-| Good _--------------_ Good ~_-------------- Po 


or: 
small stones, 
area reclaim, slope. 


Eby Eevee tides eo Fair: low strength --| Unsuited ________---__| Unsuited _--.-------_-] Good. 
Ed: 
Elkader part --------_ Fair: low strength -_| Unsuited _-_____---___ Unsuited ______-______ Fair: slope. 
Manvel part —-------- Fair: low strength, Unsuited _----____---_ Unsuited _-_________.. Fair: 
shrink-swell. excess lime, area 
reclaim, slope. 
Harney: Ha, Hb ~-------- Poor: Unsuited _-_---_______| Unsuited Fair: thin layer. 
shrink-swell, 
low strength. 
*Inavale: [n ------------- Good © 22232. Fair: excess fines -__| Unsuited _..-...--__-_| Poor: too sandy, 
area reclaim. 
Keith: Ka, Kb ~-------~- Fair: shrink-swell _-_| Unsuited ____---____-_ Unsuited ------------- Good. 
*Kim: Kp: 
Kim part ------------ Fair: low strength -_| Unsuited _--------_--_| Unsuited __-__. Fair: slope. 
Penden part ~-------- Poor: low strength ~-| Unsuited _____....---_ Unsuited _. Fair: too clayey. 
*Manvel 
Mai Peseta tease kk) Fair: low strength -_| Unsuited Unsuited Fair: excess lime, 
area reclaim. 
Mb 


Manvel part —_ Fair: low strength -_| Unsuited Unsuited Fair: excess lime, 


area reclaim, slope. 


Badland part _--. Poor: slope --------- Unsuited Unsuited Poor: thin layer, 
slope. 
*Munjor: Mc, Md —---~.--| Fair: low strength --| Poor: excess fines --.| Unsuited Good. 
Bridgeport part of Mc --| Fair: low strength --| Unsuited -| Unsuited Good. 


Inavale part of Md ~---- 


Fair: excess fines --_| Unsuited Poor: too sandy, 


area reclaim. 


Otero: Ot —_ 


Poor: excess fines -_| Unsuited 
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TABLE 8.—Construction materials—Continued 


Soil series and 


Suitability as a source of— 


map symbol 
Road fill 


Penden: Pe 


Pleasant; Pt ------------ oor: 
shrink-swell, 
low strength. 
Ra, Rb, Rx ----_ Fair: 
low strength, 
shrink-swell. 


*Roxbury: 


Fair: 
shrink-swell, 
low strength. 


Ulysses: Ua, Ub, Uc, Ud, 
Us. 


low strength __| Unsuited 
Unsuited 


Unsuited 


Unsuited 


Sand Gravel Topsoil 
ete et Unsuited _-.__--------| Fair: too clayey. 
eeeeeetoce2. Unsuited _._.__--------} Poor: too clayey. 
eobesea Unsuited __--_--------| Good 

pied Bae el Unsuited _-____-__------| Good 


Coarse fragments of soft bedrock material, such as 
shale and siltstone, are not considered to be sand and 
gravel. Fine-grained soils are not suitable sources of 
sand and gravel. 

The ratings do not take into account depth to the 
water table or other factors that affect excavation of 
the material. Descriptions of grain size, texture, reac- 
tion, and stratification are given in the soil series des- 
criptions and in the section “Soil Properties.” 

Topsoil is used in areas where vegetation is to be 
established and maintained. Suitability is affected 
mainly by the ease of working and spreading the soil 
material in preparing a seedbed and by the ability of 
the soil materia] to sustain the growth of plants. Also 
considered is the damage that would result to the area 
from which the topsoil is taken. 

Soils rated good sources of topsoil have at least 16 
inches of friable loamy material at the surface. They 
are free of stones, are low in content of gravel and 
other coarse fragments, and have gentle slopes. They 
are low in soluble salts, which can limit plant growth. 
They are naturally fertile or respond well to fertiliza- 
tion. They are not so wet that excavation is difficult 
during most of the year. Soils rated fair are loose 
sandy or firm loamy or clayey soils in which the suit- 
able material is only 8 to 16 inches thick or soils that 
have appreciable amounts of gravel, stones, or soluble 
salt. Soils rated poor are very sandy soils, very firm 
clayey soils, soils with suitable layers less than 8 
inches thick, soils having large amounts of gravel, 
oe or soluble salt, steep soils, and poorly drained 
soils. 

Although a rating of good is not based entirely on 
high content of organic matter, the surface layer (Al 
or Ap horizon) is much preferred for topsoil because 
of its organic-matter content. Organic matter greatly 
increases the absorption and retention of moisture and 
nutrients necessary for plant growth. 


Water management 


Many soil properties and site features that affect 
water management have been identified in this soil 
survey. In table 9, soil and site features that affect use 
are indicated for each kind of soil. This information is 


significant in planning, installing, and maintaining 
water control structures. 

Pond reservoir areas hold water behind a dam or 
embankment. Soils suitable for this use have low seep- 
age potential, which is determined by the permeabil- 
ity and depth over fractured or permeable bedrock or 
other permeable material. 

Embankments, dikes, and levees require soil mater- 
ial that is resistant to seepage, erosion, and piping and 
that has favorable stability, shrink-swell potential, 
shear strength, and compaction characteristics. Stones 
and organic matter in a soil limit its use in embank- 
ments, dikes, and levees. ' . 

Drainage of soil is affected by such soil properties 
as permeability, texture, structure, depth to claypan 
or other layers that influence rate of water movement, 
depth to the water table, slope, stability of ditchbanks, 
susceptibility to flooding, salinity and alkalinity. It also 
depends on availability of outlets for drainage. 

Irrigation is affected by such features as slope, sus- 
ceptibility to flooding, hazards of water erosion and 
soil blowing, texture, presence of salts and alkali, 
depth of root zone, rate of water intake at the surface, 
permeability of the soil below the surface layer, avail- 
able water capacity, need for drainage, and depth to 
the water table. 

Terraces and diversions are embankments, or a com- 
bination of channels and ridges, constructed across a 
slope to intercept runoff and allow the water to soak 
into the soil or flow slowly to an outlet. Features that 
affect suitability of a soil for terraces are uniformity 
and steepness of slope; depth to bedrock or other un- 
favorable material; permeability; ease of establishing 
vegetation; and resistance to water erosion, soil blow- 
ing, soil slipping, and piping. 

Grassed waterways are constructed to channel run- 
off at nonerosive velocities into outlets. Features that 
affect the use of soils for waterways are slope, per- 
meability, erodibility, and suitability for permanent 
vegetation. 


Soil Properties 
Extensive data about soil properties collected dur- 
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TABLE 9.—Water management 


[“Seepage” and some of the other terms that describe restrictive soil features are defined in the Glossary. An asterisk in the first 
column indicates that at least one mapping unit in this series is made up of two or more kinds of soil. See the description of the 
mapping unit for the composition and behavior characteristics for the mapping unit] 


Soil properties and site features affecting— 


Soil Serie and Poni a vonienenis i 
map symbols ‘on mbant ents, e . erraces G d 
reservoir dikes, and Drainage Irrigation and Paes 
areas levees diversions waterways 
Angelus: An —---~--.-- Seepage _-----. Low strength, Not needed ___-| Floods ~-._..-- Not needed -___| Favorable. 
piping. 
Bridgeport: 8r --~---- Seepage —____-- Low strength, | Floods —____---| Floods ~..-_.--| Not needed -___| Favorable. 
piping. 
*Campus: Cec: : ; 
Campus part ------ Depth to rock —_| Thin layer, | Not needed __-.| Erodes easily, Depth to rock, Depth to rock, 
erodes easily. droughty. erodes easily. erodes easily. 
Canlon part -.----- Depth to rock, | Thin layer ---_| Not needed __--| Slope, Depth to rock, Rooting depth, 
slope. rooting depth, slope. slope. 
excess lime. 
*Carlson: Cd: ’ 
Carlson part ------ Favorable --___| Low strength —--) Favorable —..-- Blow intake, Peres slowly —--| Percs slowly. 
slope. 
Campus part ~-___- Depth to rock ~.| Thin layer, | Not needed ____| Erodes easily, Depth to rock, Depth to rock, 
erodes easily. droughty. erodes easily. erodes easily. 
Caruso: Cr —-----.----| Favorable ~-_._ Low strength --! Floods, Floods ~------- Not needed ___-| Favorable. 
wetness. 
®DIxi° (De) 2-sssece ss 27] Seepage ~_--_-- Seepage ------. Not needed —_-_| Fast intake, Complex slope, | Droughty, 
droughty, too sandy, rooting depth. 
seepage. rooting 
depth, slope. 
*Elkader: 
Bb) EC maak neoe ae Seepage _------ Low strength -_) Favorable ----_ Slope ~-------. Erodes easily, | Favorable. 
excess lime. 
Elkader part _-_.-- Seepage -_-----| Low strength _.| Favorable _---- Slope __-------| Erodes easily, | Favorable. 
excess lime, 
slope. 
Manvel part .----- Slope, Erodes easily, Slope ~-------- Excess lime, Erodes easily, Erodes easily. 
seepage. low strength, slope, excess lime, 
piping. erodes easily. slope. 
Harney . e 
Hay oedesendosesce Favorable —----| Shrink-swell, Favorable _____ Slow intake -__| Percs slowly _._| Peres slowly. 
low strength. 
HB. Sco ee | Favorable —---- Shrink-swell, Favorable _____| Slow intake, Peres slowly _--| Peres slowly. 
low strength. slope. 
*Inavale: In -----.----- Seepage _------ Seepage, Not needed ____} Fast intake, Not needed ____| Not needed. 
piping. seepage. 
Seepage .------ Piping, . Not needed .___| Favorable ~-___ Favorable ~___-| Favorable. 
erodes easily. 
Seepage __-_--- Piping, Not needed ____| Erodes easily, Erodes easily, Erodes easily, 
erodes easily. slope. slope. slope. 
*Kim: Kp: 2 
Kim part --------- Seepage, Piping, Not needed .-__| Slope ~-..----_ Slope, piping -_] Slope. 
slope. low strength, 
hard to pack. 
Penden part --~--_ Favorable ~---_ Low strength, Not needed __._| Erodes easily, Favorable ___-- Slope. 
shrink-swell. slope. 
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TABLE 9.—-Water management—Continued 


Soil properties and site features affecting— 


Soil series and 
map symbols Pond Embankments, eR re Terraces Grassed 
reservoir ikes, an rainage rrigation an 
areas levees diversions waterways 
*Manvel 
Mae no Slope, Erodes easily, | Slope --------_ Excess lime, Erodes easily __| Erodes easily. 
seepage. low strength, slope, 
piping. erodes easily. 
Mb: 
Manvel part ~-----_ Slope, Erodes easily, | Slope -.--_---| Excess lime, Erodes easily, | Erodes easily, 
seepage. low strength, slope, excess lime, slope. 
piping. erodes easily. slope. 
Badland part _-_-__ Depth to rock, | Thin layer, Not needed -_--| Slope ~-------_ Slope, Depth to rock, 
slope. erodes easily. depth to rock. slope. 
*Munjor: Mc, Md ------| Seepage _______| Low strength, | Not needed ____| Fast intake, Not needed ____] Not needed. 
piping. seepage, 
floods. 
Seepage ----__ Low strength, | Floods -------- Floods _------. Not needed -___| Favorable. 
piping. 
Seepage _--..-- Seepage, Not needed ~--_| Fast intake, Not needed -___} Not needed. 
piping. seepage. 
Seepage ~-----_ Piping, Not needed ___-] Slope, Erodes easily, Erodes easily. 
seepage. erodes easily, piping. 
droughty. 
Penden: Pe --------_- Favorable ~_-__ Low strength, Not needed —___| Erodes easily, Favorable —___. Favorable. 
shrink-swell, slope. 
Pleasant: Pt ----_-_-_-_ Favorable ~.--_ Low strength, | Floods, Floods, Not needed —___| Not needed. 
shrink-swell. poor outlets. slow intake. 
*Roxbury: Ra, Rb, Rx --_| Seepage —---~--| Low strength, | Floods --_-----| Floods —~.--...- Not needed ~___| Favorable. 
piping. 
Ulysses: Ua, Ub, Uc, Seepage _______| Shrink-swell, Favorable --___| Erodes easily ~_| Erodes easily __| Erodes easily. 
d, Ue. low strength. 


ing the soil survey are summarized on the following 
pages. The two main sources of these data are the 
many thousands of soil borings made during the course 
of the survey and the laboratory analyses of samples 
selected from representative soil profiles in the field. 

When the soil scientist makes soil borings during 
field mapping, he can identify several important soil 
properties. He notes the seasonal soil moisture condi- 
tion, or the presence of free water and its depth in the 
profile. For each horizon, he notes the thickness of the 
soil and its color; the texture, or the amount of clay, 
silt, sand, and gravel or other coarse fragments; the 
structure, or natural pattern of cracks and pores in 
the undisturbed soil; and the consistence of soil in- 
place under the existing soil moisture conditions. He 
records the root depth of existing plants, determines 
soil pH or reaction, and identifies any free carbonates. 

Samples of soil material are analyzed in the labora- 
tory to verify the field estimates of soil properties and 
to characterize key soils, especially properties that can- 
not be estimated accurately by field observation. Lab- 
oratory analyses are not conducted for all soil series 


in the survey area, but laboratory data for many of the 
soil series are available from nearby areas. 

Based on summaries of available field and laboratory 
data, and listed in tables in this section, are estimated 
ranges in engineering properties and classifications and 
in physical and chemical properties for each major 
horizon of each soil in the survey area. Also, pertinent 
soil and water features, engineering test data, and 
data obtained from laboratory analyses, both physical 
and chemical, are presented. ‘ 

In table 10 the engineering properties and classifi- 
cation of the soils are given. Table 11 analyzes the phy- 
sical and chemical properties of the soils, and table 12 
shows soil and water features. Table 13 gives engineer- 
ing test data for two soils in the survey area. 


Engineering properties and classification 


Table 10 gives estimates of engineering properties 
and classifications for the major horizons of each soil 
in the survey area. These estimates are presented as 
ranges in values most likely to exist in areas where the 
soil is mapped. 


TABLE 10.—Engineering properties and classifications 


[The symbol < means less than; > means greater than. Absence of an entry means data were not estimated. An asterisk in the first column indicates that at 
least one mapping unit in this series is made up of two or more kinds of soil. See the description of the mapping unit for the composition and behavior 


characteristics of the mapping unit] 


Classification Frag- Percentage passing sieve number— Plas- 
Soil series and Depth USDA texture ments Liquid ticit: 
map symbols >3 limit index 
Unified AASHTO inches 4 10 40 200 
In Pet Pet 
Angelus: An —---------~-| 0-60 | Silt loam ___----_ CL, ML A+, A-6 1) ae 100 | 90-100 | 85-100 30-40 5-15 
Bridgeport: Br —---____... 0-13 | Silt loam ________ ML, CL A-4, A-6 O |S. 100 | 95-100 | 75-100 | 25-40 8-15 
13-60 | Silt loam, silty ML, CL A-4, A-6 Oreos o cece! 100 | 95-100 | 85-100 | 25-40 8-15 
clay loam, loam. 
*Campus: Cc: 
Campus part -----__--| 0-5 | Silty clay loam -__| ML, CL Af AT 0 |-------- 100 | 85-100 | 60-90 30-45 7-20 
5-20 | Loam, clay loam —_| CL, ML A-6, A-7-6 0 |--------| 100 75-95 50-80 35-45 11-20 
20-30 | Loam, clay loam -_| CL, SC A-6, A-7-6 O.j22- oes 100 | 65-85 40-80 33-45 11-20 
30 | Partly consolidated| 
ealiche. 
Canlon part ---..---- ML, CL,SC | A-4, A-6 0 | 90-100 | 85-100 75-100 | 45-85 29-40 7-20 
*Carlson: Cd: : 
Carlson part --------- 0-10 | Silt loam .---_--- ML, CL A-4, A-6 0 100 | 90-100 | 85-100 | 30-40 5-20 
10-19 | Silty clay loam, CL, CH ‘A-6, A-7 0 100 | 90-100 | 85-100 | 37-55 15-30 
clay loam, silty 
lay. 3 
19-60 | Silty clay loam, | CL, ML A-6, A-4, 0) fa 100 | 90-100 | 70-100 | 30-45 5-25 
elay loam, loam. AT 
Campus part ---------| 0-5 | Silty clay loam ___| ML, CL AS A-7-6, 0 |--------| 100 | 85-100 | 60-90 30-45 7-20 
A. 
5-20 | Loam, clay loam ~-} CL, ML A-6, A-7-6 Oa 100 | 75-95 50-80 85-45 11-20 
20-30 | Loam, clay loam -_| CL, SC A-6, A-7-6 0 j-------- 100 | 65-85 40-80 33-45 11-20 
30 | Partly consolidated 
caliche. 
Caruso: Cr —------------_ 0-19 Minne CL, CL-ML_ | A-4, A-6 0, ia 100 | 95-100 | 65-90 25-40 5-20 
19-60 | Loam, clay loam, |CL, CL-ML | A-4, A-6, [1 eee 100 | 95-100 | 65-85 25-45 5-20 
silt loam. A-7 
*Dix: Dx-.2.2---22 2 0-6 Gravelly sandy SM A-1, A-2 15-95 50-75 40-60 10-25 |___------ NP? 
joam. 
6-16 | Gravelly loamy SM A-1, A-2 80-90 30-40 | 30-40 10-20 |__.--_-__ NP 
sand. loamy 
sand, 
16-60 | Sand and gravel __| SP, “GP Sw, | A-1 0-5 | 45-85 | 30-50 | 25-35 O25 «fetes 
G 
*Elkader: 
£b, Ec --------------___| 0-60 | Silt. loam ________] CL-ML, CL Ah As 0: | ise hetes 100 | 95-100 | 85-100 | 25-45 5-20 
Ed: a 
Elkader part __-______ 0-60 | Silt loam ________| CL-ML, CL ae” 1 eee 100 | 95-100 | 85-100 | 25-45 5-20 
Manvel part --------_' 0-3 | Silt loam —_-_-___| CL-ML, CL A A+, 0 | 95-100 | 95-100 | 95-100 70-95 25-50 5-15 
3-60 | Silt loam, silty CL, ML A-6, A-4 95-100 | 95-100 | 95-100 | 80-95 30-40 7-20 
clay loam. 


vg 
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Harney: 


*Inavale: In 


Keith: Ka, Kb ----------_| 


Mb: 
Manvel part --------- 


Badland part. (Too 
variable to be esti- 
mated.) 


*Munjor: Mc, Md —~------~| 


Bridgeport part of Mc 


Inavale part of Md ~_--- 


0-11 
11-36 
36-60 
18-60 


0-7 
TAB 
18-60 
0-30 


30-60 


Silt loam ___--___| CL, CL-ML 
Silty clay, silty CL, CH 
clay loam. 
Silty clay loam, cL 
silt loam, 
Loamy sand ____-_ SM 
Loamy sand __---_| SM 
Loamy coarse SP-SM, SM 
sand. 
Silt loam —_---_~-| ML, CL 
Silt loam, silty CL 
clay loam. 
Silt Tear soon. 2 ML, CL 
Clay loam ~_------| ML, CL 
Loam, clay loam —_| CL, CL-ML 
Clay loam ____---_ CL 
Clay loam ____~--- CL 
Silt loam ______--| CL-ML, CL 
Silt loam, silty CL, ML 
clay loam. 
Silt loam ~------_| CL-ML, CL 
Silt loam, silty CL, ML 
clay loam. 
Sandy loam ~~_~--| SM, SC, ML, 
Sandy loam, SM, SC, ML, 
loam. cL 
Loamy sand, SM, SP-SM, 
sand. SP 
Sandy loam ___--- ML, SM 
Silt loam, silty ML, CL 
clay loam, loam. 
Loamy sand ____--| SM 
Loamy sand _____-| SM 
Loamy coarse SP-SM, SM 
sand. 
Sandy loam, fine SM 
sandy loam. 
Sandy loam, SM 
loamy sand. 


A-4, A-6 
A-6, A-7 


A-6 
A-2 


A-2 
‘A-2, A-3 


A4 
A-6 
A-4 
A4 
A-4, A-6 


A-6, A-7-6 
A-6, A-7-6 


o 


oo coos 


0 
0 


90-100 
95-100 


100 
100 


100 
100 


90-100 
90-100 


100 
100 
100 
75-100 
75-100 


100 
100 


95-100 
95-100 


95-100 
95-100 


95-100 
95-100 
95-100 
100 
100 


100 
90-100 
90-100 
50-100 


80-100 


95-100 
95-100 


95-100 
85-95 


65-85 
65-85 


95-100 
95-100 
95-100 
60-90 
70-95 


85-100 
75-100 


95-100 
95-100 


95-100 
95-100 


85-100 
85-100 


85-100 
15-35 


15-30 
5-30 


85-95 
85-100 
85-95 
45-15 
60-85 


65-95 
55-90 


70-95 
80-95 


70-95 
80-95 


30-75 
30-65 


45-70 
85-100 


25-40 
37-60 


30-40 


<25 
25-40 


5-20 
15-35 


11-25 


5-15 
7-20 
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TABLE 10.—Engineering properties and classifications—Continued 


Classification Frag- Percentage passing sieve number— Plas- 
Soil series and Depth USDA texture ments Liquid ticit: 
map symbols ; >3 limit in vind 
Unified AASHTO inches 4 10 40 200 
In Pet Pet 
Penden: Pe ~~----------_ 0-10 | Clay loam cL A-6, A-7-6 0 100 | 85-100 | 65-95 30-45 11-25 
10-60 | Clay loam cL A-6, A-7-6 0 100 | 75-100 | 55-90 30-45 11-25 
Pleasant: Pt ~-----.---__ 0-6 | Silty clay loam A-6 0 100 | 95-100 | 85-100 | 20-40 15-30 
6-30 | Silty clay, clay CH, CL A-T-6 0 100 | 95-100 | 35-100 | 40-75 25-45 
30-60 | Silty clay loam — A-6 0 100 | 95-100 | 85-100 | 20-40 15-35 
*Roxbury: Ra, Rb, Rx ---_-- 0-24 | Silt loam _. A+, A-6, 0 100 | 96-100 | 65-98 30-45 7-20 
A-1-6 
24-60 | Silt loam, silty A-4, A-6, 100 | 96-100 | 80-98 30-45 7-25 
clay loam. A-1-6 
Ulysses: Ua, Ub, Uc, Ud, 0-10 | Silt loam ___---__] ML, CL A+4, A-6 100 | 90-100 | 85-100 | 25-40 T-15 
Ue. 10-60 | Silt loam, sil cL A-6 100 | 90-100 | 85-100 | 25-40 11-20 
clay loam. Lt 


* NP means nonplastic. 
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Most soils have, within the upper 5 or 6 feet, hori- 
zons of contrasting properties. Information is presented 
for each of these contrasting horizons. Depth to the 
upper and lower boundaries of each horizon in a typi- 
cal profile of each soil is indicated. More information 
about the range in depth and in properties of each 
horizon is given for each soil series in ‘Descriptions 
of the Soils.” 

Texture is described in table 10 in standard terms 
used by the United States Department of Agriculture 
(7). These terms are defined according to the percent- 
ages of sand, silt, and clay in soil material that is less 
than 2 millimeters in diameter. “Loam,” for example, 
is soil material that is 7 to 27 percent clay, 28 to 50 
percent silt, and less than 52 percent sand. If a soil 
contains gravel or other particles coarser than sand, 
an appropriate modifier is added, for example, “grav- 
elly loam.” Other texture terms used by USDA are 
defined in the Glossary. 

The two systems commonly used in classifying soils 
for engineering use are the Unified soil classification 
system and the American Association of State Highway 
and Transportation Officials (AASHTO) soil classifi- 
cation system. In table 10 soils in the survey area are 
classified according to both systems. 

The Unified system classifies soils according to prop- 
erties that affect their use as construction material 
(2). Soils are classified according to grain-size distri- 
bution of the fraction less than 3 inches in diameter, 
plasticity index, liquid limit, and organic-matter con- 
tent. Soils are grouped into 15 classes—eight classes 
of coarse-grained soils, identified as GW, GP, GM, GC, 
SW, SP, SM, and SC; six classes of fine-grained soils, 
identified as ML, CL, OL, MH, CH, and OH; and one 
class of highly organic soils, identified as Pt. Soils on 
the borderline between two classes have a dual classi- 
fication symbol, for example CL-ML. 

The AASHTO system classifies soils according to 
those properties that affect their use in highway con- 
struction and maintenance (1). In this system a min- 
eral soil is classified as one of seven basic groups 
ranging from A-1 through A~7 on the basis of grain- 
size distribution, liquid limit, and plasticity index. 
Soils in group A-1 are coarse grained and low in con- 
tent of fines. At the other extreme, in group A-7, are 
fine-grained soils. Highly organic soils are classified 
as A-8 on the basis of visual inspection. 

When laboratory data are available, the A-1, A-2, 
and A-7 groups are further classified as follows: 
A-l-a, A-1-b, A-2-4, A-2-5, A-2-6, A-2-7, A-T7-5, 
and A-7-6. As an additional refinement, the desirabil- 
ity of soils as subgrade material can be indicated by a 
group index number. These numbers range from 0 for 
the best subgrade material to 20 or more for the poor- 
est. The AASHTO classification for two soils in the 
survey area, with group index numbers in parenthe- 
ses, is given in table 13. The estimated classification, 
without group index numbers, is given in table 10. Also 
in table 10 the percentage, by weight, of cobbles or the 
rock fragments more than 3 inches in diameter are 
estimated for each major horizon. These estimates are 
determined largely by observing volume percentage in 
the field and then converting it, by formula, to weight 
percentage. 

The percentage of the soi] material less than 3 inches 


in diameter that passes each of four standard sieves is 
estimated for each major horizon. The estimates are 
based on tests of soils that were sampled in the survey 
area and in nearby areas and on field estimates from 
many borings made during the survey. 

Liquid limit and plasticity index indicate the effect 
of water on the strength and consistency of soil. These 
indexes are used in both the Unified and the AASHTO 
soil classification systems. They are also used as indica- 
tors in making general predictions of soil behavior. 

Range in liquid limit and plasticity index is esti- 
mated on the basis of test data from the survey area 
or from nearby areas and on observations of the many 
soil borings made during the survey. 


Physical and chemical properties 


Table 11 shows estimated values for several soil 
characteristics and features that affect the behavior of 
soils in engineering uses. These estimates are given for 
each major horizon, at the depths indicated, in the 
representative profile of each soil. The estimates are 
based on field observations and on test data for these 
and similar soils. 

Permeability is estimated on the basis of known re- 
lationships between the soil characteristics observed 
in the field—particularly soil structure, porosity, and 
gradation or texture—that influence the downward 
movement of water in the soil. The estimates are for 
water movement in a vertical direction when the soil 
is saturated. Not considered in the estimates are lateral 
seepage or such transient soil features as plowpans and 
surface crusts. Permeability cf the soil is an important 
factor to be considered in the planning and design of 
drainage systems, in evaluating the potential of soils 
for septic tank systems and other waste disposal sys- 
tems, and in many other aspects of land use and man- 
agement. 

Available water capacity is the ability of the soil to 
hold water and make it available to plants. It is in- 
fluenced by such characteristics as content of organic 
matter, soil texture, and soil structure. Shallow-rooted 
plants are not likely to use the available water from 
the deeper soil horizons. Available water capacity is 
an important factor in the choice of plants or crops 
and in the design of irrigation systems. 

Soil reaction is expressed as range in pH values. The 
range in pH of each major horizon is based on many 
field checks. For many soils, the values have been veri- 
fied by laboratory analyses. Soil reaction is important 
in selecting the crops and ornamental or other plants 
to be grown, in evaluating soil amendments for fer- 
tility and stabilization, and in evaluating the corro- 
sivity of soils. 

Salinity is expressed as the electrical conductivity 
of the saturation extract, in millimhos per centimeter 
at 25° C. Estimates are based on field and laboratory 
measurements of representative nonirrigated soils. The 
salinity of individual irrigated fields may differ greatly 
from the values in table 11. Salinity affects the suit- 
ability ofa soil for crops, its stability when used as 
construction material, and its potential to corrode 
metal and concrete. 

Shrink-swell potential depends mainly on the 
amount and kind of clay in the soil. Laboratory mea- 
surements of the swelling of undisturbed clods were 


of two or more kinds of soil. See the description of the mapping unit for the composition and behavior characteristics of the mapping unit] 


TABLE 11.—Physical and chemical properties of soils 


{Dashes indicate data were not available. The symbol < means less than; > means greater than. The erosion tolerance factor (T) is for the entire profile. 
Absence of an entry means data were not estimated. An asterisk in the first column indicates that at least’ one mapping unit in this series is made up 


hesiet eidiaks Risk of corrosion pees Wind 
Soil series and Permea- | “Valuable Soil Pan ee erodi- 
map symbols Depth bility canity reaction Salinity Pe hden al bility 
nate a Concrete K group 
In Im per hr In per in 
Angelus: An —~-~-------~----__| 0-60 | 0.6-2.0 | 0.18-0.22 4L 
Bridgeport: Br --------------_| 0-13 | 0.6-2.0 | 0.20-0.24 4L 
13-60 | 0.6-2.0 | 0.17-0.22 
*Campus: Ce: 
Campus part --------_----_ 0-5 0.6-2.0 | 0.17-0.22 4L 
5-20 | 0.6-2.0 | 0.17-0.19 
20-30 | 0.6-2.0 0.15-0.19 
30 |--------_-|_ 
Canlon part _-------------- 0-15 | 06-20 | 012-016 4L 
*Carlson: Cd: 
Carlson part --------------| 0-10] 0.6-2.0 | 0.19-0.24 AT. 0.32 6 
10-19 | 0.2-0.6 | 0.14-0.19 4-8. 0.43 
19-60 | 0.6-2.0 | 0.16-0.20 4-8. 0.43 
Campus part ~------------- 0-5 0.6-2.0 1 4L 
5-20 | 0.6-2.0 1 
20-30 | 0.6-2.0 1 
80) Set 
Caruso: Cr —--------------~--- 0-19 | 0.6-2.0 | 0.19-0.23 TA-8.4 4L 
19-60 | 0.2-2.0 | 0.16-0.22 79-84 
*Dix: Dx ---------------------| 0-6 | 60-20 | 0.16018} 7.4-8.0 5 
6-16 | 6.0-20 | 0.02-0.04| 74-84 
16-60 >20 | 0.02-0.04 | 7.9-8.4 
*Elkader: 
EB (Be, oul Weendc ee ee 0-60 | 0.6-2.0 | 0.18-0.22| 7.9-8.4 <2 | Low —_---_ 0.32 4L 
Ed: 
Elkader part -------------- 0-60 | 0.6-2.0 | 0.18-0.22 79-84 <2 | Low _-----_] Low ~-----_ Low -------| 0.82 4L 
Manvel part ~---------_--- 0-3 0.6-2.0 | 0.18-0.20 1.9-8.4 Moderate -_| 0.37 4L 
3-60 | 0.2-2.0 | 0.16-0.18 | 7.9-8.4 0.43 
Harney: Ha, Hb —--___---_____ 0-10 | 0.6-2.0 | 0.21-0.24] 61-73 0.32 6 
10-28 | 0.2-0.6 | 0.12-0.19 6.6-8.4 0.43 
28-60 | 0.6-2.0 { 0.18-0.22 79-84 0.43 
*Imavale: In| ----------------__ 0-7 >6.0 | 0.07-0.12 TA-84 0.17 2 
7-18 | 6.0-20 | 0.09-0.11 79-84 0.17 
18-60 | 6.0-20 | 0.05-0.07 79-84 0.17 
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TABLE 12.—Soil and water features gs 


[Dashes indicate that the feature is not a concern. See text for descriptions of hydrologic groups. See “flooding” and “water table” in the Glossary for defi- 
nitions of such terms as “rare,” “brief,” and “apparent.” The symbol < means less than; > means greater than. An asterisk in the first column indicates 
that at least one mapping unit in this series is made up of two or more kinds of soil. See the description of the mapping unit for the composition and 
behavior characteristics of the mapping unit] 


hr 
Y Flooding High water table Bedrock . 
Soil series sand Hideo Fovential 
map symbols p 
group | Frequency Duration Months Depth Kind Months Depth | Hardness | 2¢tion 

Angelus: An —--~----- B Occasional __| Very brief --.| Apr. to Sept. --| >6.0 |___--------_]---_--_-----_.- >60: [beens Moderate. 
Bridgeport: Br —------ B Oceasional —_| Very brief ...| Apr. to Sept. --| >6.0 |---_-------_ (Pe neat erent] S60) |sseosens Moderate. 
*Campus: Cc: 

Campus part —----- B Note. 2c os. |ph oe ee ee) 86.0 [o2o |_---___.-------| 20-40 | Rippable ~_] Low. 
Canlon part -~----_ D None: eon Ne a [Soe S60) ne 10-20 | Hard -_-_-_ someetoess 

*Carlson: Cd: 

Carlson part —----_ Cc Noné@: 225-2 [228 nf ee oe) 36.0) annonce eee >60 |________---_| Low. 
Campus part —----_ B None ~-.---_ Hic ela Seek oe i 6.0. |bssint ete] seen e case 20-40 | Rippable -_| Low. 

Caruso: Cr ~~------~- Cc Occasional __| Very brief --_| Apr. to Sept. -_| 2.0-6.0 | Apparent ._| Mar.-June —_-_ S60: are ee Moderate. 
*Dix2y (Oxon A None’. Joon cio oe a 6.0 |. oS aii So eet | 60) eee o- ss Low. 2 
“Elkader: S 

Bb: Ee. encanto B None (22020 ob tee 8 el ne ee 6.0, [eck |b >40 | Rippable __| Moderate. q 
Ed: 
Elkader part ~----_ B None? 223 PS) ee 6.00 |). 28 we 2|oces ost Se >40 | Rippable ~~] Moderate. a 
at 
Manvel part ------- Cc None 222 ee i ee 56.0.1) ee Rien bh de Petia es es >40 |] Rippable __| Low. 
Harney: Ha, Hb —----_| Cc None. s2 2 2.0| 03 nen S| le eco ceeee! 36.08 |s sn oS a ee S60: |e in Low. 
*Inavale: In ----------- A Frequent —__| Very brief --_| Apr. to Sept. -_| >6.0 |_-____-_____]------_-------_ >60) Los Low. 

Keith: Ka, Kb ~------- B None. ascnos2 ese oso scsch ees en tess 36.0) hoe oat ee ck > 60s bois Moderate. 
*Kim: Kp (both parts) -| B None: 2020 een to oe St 36.0) | ss ce 602 Low. 

*Manvel 

Ma. cone nccocce oe Cc None? 222-0 eke a | on $56.0) |. Soee  e >40 | Rippable ~_) Low. 
Mb: ; 
Manvel part —-.--_| C None: 222 el cee three at eae S60) |oscn st eecsa|is soe >40 | Rippable __| Low. 
Badland part ------| D None, 222.25) [0 oe 6.0 Jonna net 0-10 | Rippable -_} Low. 
*Munjor: Mc, Md —------| B Occasional —_| Very: brief ___| Apr. to Sept. --} >6.0 |-_-------___ ene art mes 60 |e |e eS 
Bridgeport part of 
Mc ~------------] B Occasional __| Very brief ___] Apr. to Sept. --| >6.0 |------------]------------~~_] >60 j|____________ Moderate. 
Inavale part of Md -| A Occasional __| Very brief _._| Apr. to Sept. | >6.0 |__-------___]_________----__ >60 |______-_--__ Low. 


Otero: Ot --.-_-_-___| B Note 2202 es) i oe 60a ek ce, =e >60 |_---_-----__| Low. 


Penden: Pe ---------- B None oo 5 oe i es S610) (a Sh —| >60 |----.-------| Low. 
Pleasant: Pt ----------| D Frequent _--| Brief to long _| Mar. to Dee. __| >6.0 |_---..------|-------------. | >60 |---.--------| Low. 
*Roxbury: Ra, Rb, Rx ---| B Rare to Very brief ___| Apr. to Sept.--| >6.0 |-----------~]_----------~- Lok S60)|- 5 ness) Low. 
frequent. 
Ulysses: Ua, Ub, Uc, B Non@: 0% oes) es ee 2. S60 devas | eee ea >60 |_------___-_| Low. 
Ud Ue. 
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62 SOIL SURVEY 


TABLE 13.—Engineering 


[Tests performed by the State Highway Commission of Kansas according to standard procedures of the American 


Moisture-density + 
Soil name and location Parent material Depth Report : 
Maximum Optimum 
density moisture 
Inches S73 Kanzas Lb per Pet 
number cubie ft 
Elkader silt loam: about 18 miles south and 2 miles | Material weathered 0-9 32-6-1 89 24 
east of Gove, 792 feet west, 264 feet north of the from Niobrara Chalk. 
southeast corner of section 8, T. 15 S., R. 28 W. 9-20 32-6-2 99 21 
(Modal) 20-36 32-6-8 102 17 
36-60 32~-6-4 102 19 
Manvel silt loam: about 12 miles west and 9 miles | Material weathered 0-3 32-5-1 82 26 
south of Gove, 150 feet south and 2,300 feet west of from Niobrara Chalk. 38-23 32-5-2 92 25 
the northeast corner of section 33, T. 14 S., R. 81 W. 
(Modal) 23-60 82-5-8 94 23 


1 Based on AASHTO designation T99-61, method A, with the following variations: (1) all material is ovendried at 230° F; 
(2) all material is crushed in a laboratory crusher after drying; and (8) no time is allowed for dispersion of moisture after mixing 


with the soil material. 


2 Mechanical analyses according to the AASHTO designation T88-57 with the following variations: all material is ovendried 
at 230° F and crushed in a laboratory crusher; the sample is not soaked prior to dispersion; sodium silicate is used as the dispers- 
ing agent, and dispersing time, in minutes, is established by dividing the plasticity index value by 2; the maximum time is 15 
minutes, and the minimum time is 1 minute. Results by this procedure frequently may differ somewhat from results that would 


made for many soils. For others it was estimated on 
the basis of the kind of clay and on measurements of 
similar soils. Size of imposed loadings and the magni- 
tude of changes in soil moisture content are also im- 
portant factors that influence the swelling of soils. 
Shrinking and swelling of some soils can cause damage 
to building foundations, basement walls, roads, and 
other structures unless special designs are used. A 
high shrink-swell potential indicates that special de- 
sign and added expense may be required if the planned 
use of the soil will not tolerate large volume changes. 

Risk of corrosion, as used in table 11, pertains to 
potential soil-induced chemical action that dissolves or 
weakens uncoated steel or concrete. The rate of corro- 
sion of uncoated steel is related to soil moisture, 
particle-size distribution, total acidity, and electrical 
conductivity of the soil material. The rating of soils 
for corrosivity to concrete is based mainly on the sul- 
fate content, soil texture, and acidity. Protective mea- 
sures for steel or more resistant concrete help to avoid 
or minimize damage resulting from the corrosion. 
Installations of steel that intersect soil boundaries or 
soil horizons are more susceptible to corrosion than 
installations entirely within one kind of soil or within 
one soil horizon. 

Erosion factors are used in an equation that pre- 
dicts the amount of erosion resulting from certain land 
treatment. The soil erodibility factor (K) is a measure 
of the susceptibility of the soil to detachment and 
transport by rainfall. Soils having the highest numbers 
are the most erodible. The soil-loss tolerance factor 
(T) is the maximum rate of soil erosion, whether from 


rainfall or wind, that may occur without causing re- 
aused levels of crop production or environmental qual- 
ity. 

Wind erodibility groups are used to predict the sus- 
ceptibility of soils to soil blowing and to predict the 
amount of soil blowing. The soils are grouped on the 
basis of similar properties that affect soil blowing, 
principally those that determine the ability of aggre- 
gates to resist breakdown by tillage and abrasion by 
wind. These properties include texture, organic mat- 
ter, the content of calcium carbonate, soil moisture, 
mineralogy, susceptibility to frost action, and others. 
Soils that are most subject to blowing are in group 1, 
soils progressively less subject to blowing are in groups 
2 through 7, and soils that are generally not subject to 
blowing are in group 8. A brief description of each 
group follows. 


1.—Very fine, fine, and medium sands; dune 
sands. 

2.—Loamy sands; loamy fine sands. 

3.—Very fine sandy loams; fine sandy loams; 
sandy loams. 

4.—Clays; silty clays; noncaleareous clay loams 
and silty clay loams that contain more than 
85 percent clay. 

4L.—Caleareous loams and silt loams; calcareous 
clay loams and silty clay loams that contain 
less than 35 percent clay. 

5.—Noncalcareous loams and silty loams that con- 
tain less than 20 percent clay; sandy clay 
loams; sandy clay. 

6.—Noncalcareous loams and silt loams that con- 
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test data 
Association of State Highway and Transportation Officials (AASHTO) except as stated in footnotes 1 and 2] 
Mechanical analysis * Classification 
Percentage passing sieve— Percentage smaller than— Plas- 
Liquid ticity 
No. 200 limit index | AASHTO? | Unified 
(ayaa): | (oes (0.074 | 0.05mm | 002mm | 0.005 mm | 0.002 mm 
mm 
Pet 
100 95 81 52 27 14 44 16 | A-7-6(11) OE 
100 80 85 69 44 28 40 18 | A-6(11) CL 
100 92 88 76 55 41 36 16 | A-6(10) cL 
100 98 95 87 66 44 38 15 | A-6(10) CL- 
ML 
100 91 84 53 28 17 48 14 | A-7-5(11) | ML 
100 93 89 80 66 49 40 13 | A-6(9) Che 
100 85 80 66 38 18 35 7 | A-4(8) ML 


have been obtained b 
material is analyzed 


the soil survey procedure of the Soil Conservation Service (SCS). In the AASHTO procedure, the fine 
y the hydrometer method, and the various grain-size fractions are calculated on the basis of all the material, 


including that coarser than 2 millimeters in diameter..In the SCS soil survey Procedure, the fine material is analyzed by the pipette 
re 


method, and the material coarser than 2 millimeters in diameter is exclude 


‘om calculations of grain-size fractions, The mechani- 


cal analyses used in this table are not suitable for use in naming textural classes for soils. 


* Based on AASHTO designation M145-59 (1). 


tain more than 20 percent clay; noncalcareous 
cley loams that contain less than 35 percent 
clay. 

7.—Silts; noncalcareous silty clay loams that con- 
tain less than 35 percent clay. 

8.—Very wet or stony soils generally not subject 
to wind erosion. 


Soil and water features 


Features that relate to runoff or infiltration of wa- 
ter, to flooding, to grading and excavation, and to frost 
action of each soil are indicated in table 12. This infor- 
mation is helpful in planning land uses and engineer- 
ing projects that are likely to be affected by the amount 
of runoff from watersheds, by flooding and a seasonal 
high water table, by the presence of bedrock in the 
upper 5 or 6 feet of the soil, or by frost action. 

Hydrologic soil groups are made up of soils that have 
about the same potential for runoff. Soils not protected 
by vegetation are placed in one of four groups on the 
basis of intake of water at the end of long-duration 
storms that occur after prior wetting and opportunity 
for swelling. 

The major soil groups are: 

A. Soils having a high infiltration rate (low runoff 
potential) even when thoroughly wet. These consist 
chiefly of deep, well drained to excessively drained 
sands or gravels. These soils have a high rate of water 
transmission. 

B. Soils having a moderate infiltration rate when 
thoroughly wet. These consist chiefly of moderately 
deep to deep, moderately well drained to well drained 


soils with moderately fine to moderately coarse texture. 
These soils have a moderate rate of water transmis- 
sion. 

C. Soils having a slow infiltration rate when thor- 
oughly wet. These consist chiefly of soils with a layer 
that impedes downward movement of water or soils 
with moderately fine to fine texture. These soils have 
a slow rate of water transmission. 

D. Soils having a very slow infiltration rate (high 
runoff potential) when thoroughly wet. These consist 
chiefly of clay soils with a high swelling potential, 
soils with a permanent high water table, soils with a 
claypan or clay layer at or near the surface, and shal- 
low soils over nearly impervious material. These soils 
have a very slow rate of water transmission. 

Flooding is rated in general terms that describe the 
frequency, duration, and period of the year when 
flooding is most likely. The ratings are based on evi- 
dences in the soil profile of the effects of flooding, 
namely thin strata of gravel, sand, silt, or in places, 
clay deposited by floodwater; irregular decrease in 
organic-matter content with increasing depth; absence 
of distinctive soil horizons that form in soils of the 
area that are not subject to flooding; local information 
about floodwater heights and the extent of flooding; 
and local knowledge that relates the unique landscape 
position of each soil to historic floods. Most soils in low 
positions on the landscape where flooding is likely to 
occur are classified as fluvents at the suborder level or 
as fluventic subgroups. See the section “Classification 
of Soils.” 

The generalized description of flood hazards is of 
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value in land use planning and provides a valid basis 
for land use restrictions. The soil data are less specific, 
however, than those provided by detailed engineering 
surveys that delineate flood-prone areas at specific 
flood frequency levels. 

A seasonal high water table is the highest level of a 
saturated zone more than 6 inches thick in soils for 
continuous periods of more than 2 weeks during most 
years. The depth to a seasonal high water table applies 
to undrained soils. Estimates are based mainly on the 
relationship between grayish colors, or mottles, in the 
soil and the depth to free water observed during the 
course of the soil survey. Indicated are the depth to the 
seasonal high water table; the kind of water table, 
whether perched, artesian, or the upper part of the 
ground water table; and the months of the year that 
the high water commonly is present. Only those satur- 
ated zones above a depth of 5 or 6 feet are indicated. 

Information about the seasonal high water table 
helps in assessing the need for specially designed 
foundations, the need for specific kinds of drainage 
systems, and the need for footing drains to insure dry 
basements. Such information is also needed to decide 
whether or not to construct basements and to deter- 
mine how septic tank absorption fields and other un- 
derground installations will function. Also, a seasonal 
high water table affects ease of excavation. 

Depth to bedrock is shown for all soils that are un- 
derlain by bedrock at depths of 5 to 6 feet or less. For 
many soils, limited range in depth to bedrock is a part 
of the definition of the soil series. The depths shown 
are based on measurements made in many soil borings 
and other observations during the soil mapping. The 
kind of bedrock and its relative hardness as related to 
ease of excavation is also shown. Rippable bedrock 
can be excavated with a single-tooth ripping attach- 
ment on a 200 horsepower tractor, but hard bedrock 
generally requires blasting. 

Potential frost action refers to the likelihood of 
damage to pavements and other structures by frost 
heaving and low soil strength after thawing. Frost 
action is defined as freezing temperatures in the soil 

-and movement of soil moisture into the freezing zone, 
which causes the formation of ice lenses. Soil texture, 
temperature, moisture content, porosity, permeability, 
and content of organic matter are the most important 
soil properties that affect frost action. It is assumed 
that the soil is not covered by insulating vegetation or 
snow and is not artificially drained. Silty and clayey 
soils that have a high water table in winter are most 
susceptible to frost action. Well drained, very gravelly 
or sandy soils are the least susceptible. 


Soil test data 


Table 13 contains test data for two of the major 
soil series in Gove County. These tests were made to 
evaluate the soils for engineering purposes. The en- 
gineering classifications are based on data obtained by 
mechanical analyses and by tests to determine liquid 
limits and plastic limits. The mechanical analyses were 
made by combined sieve and hydrometer methods. 

Compaction, or moisture-density, data are important 
in earthwork. If a soil material is compacted at suc- 
cessively higher moisture content, assuming that the 
compactive effort remains constant, the density of the 


compacted material increases until the optimum 
moisture content is reached. After that, density de- 
creases with increase in moisture content. The highest 
dry density obtained in the compactive test is termed 
maximum dry density. As a rule, maximum strength 
of earthwork is obtained if the soil is compacted to the 
maximum dry density. 

Tests to determine liquid limit and plasticity index 
measure the effect of water on the consistence of soil 
material as has been explained for table 10. 


Formation and Classification of Soils 


This section explains how soils form and discusses 
the factors that affected the formation of soils in Gove 
County. It describes briefly the current system of soil 
classification and places the soil series represented in 
the county in some classes of that system. 


Factors of Soil Formation 


Soil is produced by soil-forming processes acting on 
material deposited or accumulated by geologic agencies. 
The characteristics of the soil at any given point are 
determined by the physical and mineralogical compo- 
sition of the parent material; the climate under which 
the soil material has accumulated and existed since 
accumulation; the plant and animal life on and in the 
soil; the relief, or lay of the land; and the length of 
time the forces of soil formation have acted on the 
soil material. 

Climate and plant and animal life, chiefly plants, are 
active factors of soil formation. They act on the parent 
material that has accumulated through the weather- 
ing of rocks and slowly change it to a natural body that 
has genetically related horizons. The effects of climate 
and plant and animal life are conditioned by relief. The 
parent material also affects the kind of soil profile that 
is formed and, in extreme cases, determines it almost 
entirely. Finally, time is needed for changing the par- 
ent material into a soil profile. It may be much or little, 
but some time is always required for differentiation of 
soil horizons. Generally, a long time is required for the 
development of distinct horizons, 

The factors of soil formation are so closely inter- 
related in their effects on the soil that few gener- 
alizations can be made regarding the effect of any one 
factor unless conditions are specified for the other 
four. Many of the processes of soil development are 
unknown. 


Parent material 


Parent material is the unconsolidated mass from 
which a soil forms. It mainly determines the chemical 
and mineralogical composition of soil and the rate of 
soil formation. 

The parent materials of Gove County soils are loess, 
plains outwash of the Ogallala Formation, clay shale 
of the Pierre Formation, chalky shale of the Niobrara 
Formation, and alluvium. 

Soils that formed in loess are the most extensive. 
These are mainly Keith, Ulysses, and Harney soils. 
The loess is porous, calcareous silt loam that is more 
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than 50 percent silt and less than 15 percent fine sand 
or coarser sand. 

The Kim, Penden, Campus, and Canlon soils formed 
in plains outwash. These are loamy soils that are more 
than 15 percent fine sand or coarser sand. 

The Elkader and Manvel soils formed in material de- 
rived from chalky shale. They are shallow to deep over 
the consolidated chalky shale and are high in carbon- 
ates. Soils that formed in material derived from clay 
shale are of minor extent and were included in mapping 
the soils derived from chalky shale. 

The Roxbury, Munjor, Caruso, and Inavale soils 
formed in alluvium. The alluvium is water-laid mater- 
jal along the stream bottoms and is generally somewhat 
stratified. The soils are deep, silty to sandy, and are 
weakly developed. They range from well drained to 
somewhat poorly drained and are generally underlain 
by sand and gravel. 


Climate 


Gove County has a semiarid climate characterized 
by abundant sunshine, low to moderate precipitation, 
moderate wind velocity, and a high rate of evapora- 
tion. The average annual precipitation is about 20 
inches, but extremes have ranged from 8 inches to 
more than 35 inches. Summer days are hot, but the 
nights are generally cool. Winters are generally mod- 
erate and have relatively little snow. 

The effect of climate on soils in Gove County varies 
with the kind of parent material, the relief, and the 
length of time it has had to act on the parent material. 
None of the soils has been excessively leached of plant 
nutrients, and some still have free lime in the surface 
layer. Except for some young soils that formed in al- 
luvium, most of the soils have an accumulation of sec- 
ondary lime within 30 inches of the surface. 

The Harney soils are an example of the maximum 
influence of climate on the formation of soils in Gove 
County. Harney soils have smooth, nearly level slopes 
on which surface drainage is neither restricted nor 
excessive. They formed in pale brown, calcareous loess 
that is about 18 to 22 percent clay and is high in 
weatherable minerals. They are mature soils and have 
well developed profiles. Weathering and leaching have 
produced an eluvial horizon about 10 to 18 inches thick 
and an illuvial horizon 10 to 20 inches thick. The illu- 
vial horizon contains about 35 to 45 percent clay and 
is high in exchangeable cations. The Harney soils are 
leached of free carbonates to a depth of 18 to 30 inches. 
Below this is a zone of lime accumulation. Below a depth 
of 40 inches these soils have been little affected by cli- 
mate except for some accumulation of lime. Harney 
soils are typical of Gove County soils in that volume 
changes caused by freezing and thawing and by al- 
ternate periods of wet and dry weather are responsible 
for the structure of the upper horizons. 


Plant and animal life 
Plants and animals are important in soil formation 


mainly because of their effect on horizon development 
and on the kind and amount of organic matter in the 


oil. 

All of the soils in Gove County developed under 
grass vegetation. Grasses have a fibrous root system. 
The upper layers of soils in native grass contain a large 


number of fine roots. Decomposed organic matter 
darkens the upper part of the soil and influences the 
development of soil structure. Plant growth and the 
accumulation of organic matter are greatest in the 
nearly level areas. As a result the nearly level Keith and 
Harney soils are darkened by organic matter to a 
greater depth than the more sloping Ulysses soils. 

Micro-organisms in the soil live mainly on the re- 
mains of higher plants and animals. They break down 
the complex organic material into simpler forms. The 
simpler materials supply needed nutrients for the 
higher plants and also form and stabilize the struc- 
tural peds. 

Earthworms and the larger burrowing animals in- 
fluence soil formation by mixing the soil materials. 
Many worm casts are found in the upper layers of most 
Gove County soils. Burrows of larger animals are seen 
as holes or as areas of constrasting color in old holes 
that have been filled. 


Relief 


Relief affects runoff, erosion, and drainage. If the 
other factors of soil formation are constant, an in- 
crease in slope causes increased runoff, increased ero- 
sion, and slower soil development. Soils that receive 
extra moisture as runoff from the other soils are the 
most strongly developed. 

Harney, Ulysses, and Pleasant soils have different 
characteristics that resulted from relief. The parent 
material of these soils is similar. Differences in profile 
characteristics are mainly the result of the difference 
in relief. Harney soils have smooth, nearly level slopes 
and have neither restricted nor excessive drainage. 
Ulysses soils are in more sloping and weakly convex 
areas and have a higher rate of runoff and erosion. 
Pleasant soils are in shallow, undrained depressions 
and receive runoff from adjacent areas. Harney soils 
are less clayey and better drained than Pleasant soils. 
They are darkened deeper and leached of lime to 
greater depths than Ulysses soils. 

Time 

Time is necessary for soils to develop from their 
parent materials. The amount of time needed to form 
a mature soil depends on the other factors of soil for- 
mation. For example, Harney and Ulysses soils devel- 
oped in similar parent materials, but Harney soils are 
more mature because they have smoother slopes and, 
consequently, less runoff and erosion. 

Because the surface layer of Ulysses soils is contin- 
ually eroded away, the present soil has been subjected 
to soil-forming processes over a shorter period of time 
than have Harney soils. Bridgeport soils formed in 
more recent deposits of alluvium. Their soil horizons 
are weakly developed. 


Classification of Soils 


Soils are classified so that we can more easily remem- 
ber their significant characteristics. Classification en- 
ables us to assemble knowledge about the soils, to see 
their relationship to one another and to the whole en- 
vironment, and to develop principles that help us to 
understand their behavior and their response to mani- 
pulation. First through classification, and then through 
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use of soil maps, we can apply our knowledge of soils 
to specific fields and other tracts of land. 

The narrow categories of classification, such as those 
used in detailed soil surveys, allow us to organize and 
apply knowledge about soils in managing farms, fields, 
and woodlands; in developing rural areas; in engin- 
eering work; and in many other ways. Soils are placed 
in broad classes in table 14 to facilitate study and com- 
parison in-large areas such as countries and continents. 

The system of soil classification currently used was 
adopted by the National Cooperative Soil Survey in 
1965. Because this system is under continual study, 
readers interested in developments of the current sys- 
tem should search the latest literature available (9). 

The current system of classification has six categor- 
ies. Beginning with the broadest, these categories are 
order, suborder, great group, subgroup, family, and 
series. In this system the criteria used as a basis for 
classification are soil properties that are observable 
and measurable. The properties are chosen, however, 
so that the soils of similar genesis, or mode of origin, 
are grouped. The same property or subdivisions of this 
property may be used in several different categories. 
In table 14 the soil series of Gove County are placed in 
higher categories of the current system. Classes of the 
current system are briefly defined in the following para- 
graphs. 

ORDER. Ten soil orders are recognized. The proper- 
ties used to differentiate among soil orders are those 


TABLE 14,—Classification of the soils 


Soil series Family or higher taxonomic class 


Fine-silty, mixed (calcareous), mesic Typic 
Ustifluvents. 

Fine-silty, mixed, mesic Fluventic 
Haplustolls. 

Fine-loamy, mixed, mesic Typic Caiciustolls. 

Loamy, mixed (calcareous), mesic Lithie 
Ustorthents. 

Fine, montmorillonitic, mesic Typic 
Argiustolls. — 

Fine-loamy, mixed, mesic Fluvaquentic 
Haplustolls. 

Sandy-skeletal, mixed, mesic Torriorthentic 
Haplustolls. 

Fine-silty, carbonatic, mesic Torriorthentic 
Haplustolls. . 

Fine, montmorillonitic, mesic Typic 
Argiustolls. 

Sandy, mixed, mesic Typic Ustifiuvents, 

Fine-silty, mixed, mesic Aridic Argiustolls. 

Fine-loamy, mixed (calcareous), mesic Ustic 
Torriorthents. 

Fine-silty, mixed (calcareous), mesic Ustic 
Torriorthents. 

Coarse-loamy, mixed (calcareous), mesic 
Typic Ustifluvents. 

Coarse-loamy, mixed (calcareous), mesic 
Ustic Torriorthents. 

Fine-loamy, mixed, mesic Typic Calciustolls. 

Fine, montmorillonitic, mesic Vertie 
Argiustolls. 

Fine-silty, mixed, mesic Cumulic Haplustolls. 

Fine-silty, mixed, mesic Aridic Haplustolls. 


Penden 


1JIn Gove County, the Manvel soils are taxadjuncts to the 
series in that they have a higher content of carbonates than that 
defined as the range for the Manvel series. 


that tend to give broad climatic groupings of soils. 
Three exceptions to this are the Entisols, Histosols, 
and Vertisols, which occur in many different climates. 
Each order is named with a word of three or four 
syllables ending in sol (Moll-i-sol). 

SUBORDER. Each order is divided into suborders 
that are based mainly on those soil characteristics that 
seem to produce classes with the greatest genetic simi- 
larity. The suborders narrow the broad climatic range 
permitted in the orders. The soil properties used to 
separate suborders are mainly those that reflect either 
the presence or absence of a water table at a shallow 
depth; soil climate; the accumulation of clay, iron, or 
organic carbon in the upper part of the solum; cracking 
of soils caused by a decrease in soil moisture; and fine 
stratification. The names of suborders have two syl- 
lables. The last syllable indicates the order. An example 
is Ustoll (Ust, meaning dry climates, generally hot in 
summer, and oll, from Mollisol). 

GREAT GROUP. Soil suborders are separated into 
great groups on the basis of uniformity in the kinds 
and sequence of major soil horizons and features. The 
horizons used to make separations are those in which 
clay, carbonates, and other constituents have accumu- 
lated or have been removed; and those that have pans 
that interfere with growth of roots, movement of wa- 
ter, or both. Some features used are soil acidity, soil 
climate, soil composition, and soil color. The names of 
great groups have three or four syllables and are made 
by adding a prefix to the name of the suborder. An 
example is Argiustoll (Argi, meaning with argillic 
horizons, ust, for dry climate, generally hot in summer, 
and oll from Mollisol). 

SUBGROUP. Great groups are subdivided into sub- 
groups, one representing the central (typic) segment 
of the group, and others, called intergrades, that have 
properties of the group and also one or more properties 
of another great group, suborder, or order. Other sub- 
groups may have soil properties unlike those of any 
other great group, suborder, or order. The names of 
subgroups are derived by placing one or more adjec- 
tives before the name of the great group. An example 
is Typic Argiustoll (a typical Argiustoll). 

FAMILY. Soil families are separated within a sub- 
group mainly on the basis of properties important to 
the growth of plants or to the behavior of soils when 
used for engineering. Among the properties considered 
are texture, mineralogy, reaction, soil temperature, 
permeability, soil depth, and consistence. A family 
name consists of a series of adjectives preceding the 
subgroup name. The adjectives are the class names for 
texture, mineralogy, and so on, that are used to dif- 
ferentiate each family. An example is the fine, mont- 
morillonitic, mesic family of Typic Argiustolls. 


Environmental Factors Affecting 
Soil Use 


In this section the environmental factors affecting 
soil use are discussed. The history and development, 
industry and natural resources, and community facili- 
ties of the county are briefly discussed. Physiography, 
relief, and drainage are described. Also given is infor- 
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mation about climate, water supply, farming, and 
transportation. The statistics on agriculture and popu- 
lation’ are from the Census of Agriculture and Biennial 
Reports of the Kansas State Board of Agriculture. 


History and Development 


Gove County, named after Captain Grenville L. 
Gove, was settled in the late 1870’s and was organized 
as a county in 1886. Gove, the county seat, was estab- 
lished in 1885. Other towns in the county are Quinter, 
Park, Grainfield, and Grinnell. In 1966 the population 
of the county was about 4,000. 

There are six elementary schools and three high 
schools in Gove County. Each town has one or more 
churches and there are some rural churches. A hospital 
and long term care facility are at Quinter. 

Recreation facilities include golf courses at Quinter, 
Grainfield, and Grinnell and a swimming pool at Quin- 
ter. Baseball fields are located in each of the towns 
and are lighted for night play. Several small parks are 
available for picnics. 

The main industry in the county is farming; most of 
the others supply needed services and materials for 
farming. Manufacturing industries include plants that 
process livestock feeds, manufacture sweep-type im- 
plements, and manufacture steel buildings. Sand, gra- 
vel, and some volcanic ash are mined in the county, 
mainly for use in surfacing roads or as concrete aggre- 
gate. Limestone was formerly quarried as building 
stone and is still used to some extent for road surfac- 
ing, There are a number of oil wells in the county. 


Physiography, Relief, and Drainage 


Gove County is in the High Plains section of the 
Great Plains physiographic province. The county dif- 
fers from the High Plains of Kansas, because the 
Smoky Hill River and its tributaries have eroded most 
of the southern half of the Ogallala Formation, expos- 
ing the older underlying soft chalk beds of the Nio- 
brara Formation. The Smoky Hill Valley in Gove 
County is about 15 to 20 miles wide and includes about 
the southern two-fifths of the county. In some parts of 
the valley, erosion of the soft chalk beds has formed 
badland topography. Water and wind have carved 
small buttes and pinnacles such as the Monument Rocks 
in the southwestern part of the county and Castle Rock 
in the southeastern part. 

In addition to the Smoky Hill River, Gove County 
is drained by Big Creek and Hackberry Creek. A 
small area along the northern side of the county drains 
into the Saline River in Sheridan County. 

The total range in elevation in Gove County is about 
700 feet. The highest elevation, about 3,000 feet, is in 
the northwestern part of the county, and the lowest 
elevation, about 2,300 feet, is in the Smoky Hill Valley 
at the eastern county line. 


Climate ° 


The climate of Gove County is typical of the con- 
tinental type that is located in the interior of a large 


° By L, DEAN Bark, climatologist, Kansas Agricultural Experi- 
ment Station at Manhattan. 


land mass in middle latitudes. Such climates are char- 
acterized by large diurnal and annual variations in 
temperature. This variation is common in all of Kansas 
and in much of the area between the Rockies to the 
west and the Appalachian Mountains to the east. 

The climate of Gove County has been classified by 
Thornthwaite (6) as semiarid. Precipitation and soil 
moisture in such a climate are generally insufficient 
to keep native grasses from going into a drought-rest 
condition during summer. Although this classification 
describes Gove County under average conditions, there 
are occasional years with large rainfall totals. Gove 
County is in the dry part of western Kansas that is 
influenced by the rain shadow of the Rockies. It is lo- 
cated west of the regions of the State that are fre- 
quently visited by moisture-laden air currents from 
the Gulf of Mexico (4). 

Since the turn of the century, climatological records 
have been kept at a number of locations in Gove 
County. Since 1931 precipitation and temperature rec- 
ords have been kept continuously at Quinter. Earlier 
records were kept at Gove. This description of the 
climate for Gove County is based on an analysis of the 
Quinter records. 

Table 15 gives temperature and precipitation data 
for Quinter, and table 16 gives the probabilities for 
freezing temperatures. 

The annual precipitation totals for Gove County 
average 20 to 24 inches. Almost 75 percent of this 
annual total occurs in the April through September 
growing season. Measurable amounts of precipitation 
occur on an average of 68 days a year. June averages 
the highest number (9) of rainy days. It is also the 
month with the highest average amount of precipita- 
tion. Precipitation on a majority of the rain days is 
very light. Sixty percent of the rain days have less 
than 0.25 inch recorded; only 5 rain days a year have 
more than 1 inch. The 10 days with the most precipi- 
tation make up 50 percent of the annual total; the re- 
maining 50 percent is spread over 58 days. It is common 
to have several weeks of dry weather between signifi- 
cant showers. These dry spells can produce stress 
conditions in cultivated crops, native pastures, and 
meadows. 

Most of the annual precipitation is from convective 
showers. Generally thunderstorms move across the 
county in the evening or during the night. Rains are 
most frequent between 1 and 8 am., and 30 percent 
of the hours with rain occur between midnight and 
6 a.m. Only 40 percent of the hours with rain occur 
during the peak outdoor-work period from 6 a.m. to 

p.m. 

Snowfall averages about 25 inches a year in Gove 
County. Amounts are fairly evenly divided among the 
months December through March. The most snow re- 
corded in a calendar year at Quinter was 69.0 inches 
in 1958. Of that amount, 37 inches occurred in March. 
The winter of 1957-58 had a total of 60.0 inches of 
snow. In general, snow cover remains on the ground 
for periods of less than a week, but there are occasional 
exceptions. In 1960 at Quinter there was at least a 
trace of snow on the ground from the last week in 
January until the end of March. Blizzards occur dur- 
ing the snow season, especially early in spring, but 
are generally of short duration. 
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TABLE 15.—Temperature and precipitation data 
[Data recorded at Quinter for the period 1941-70] 


Temperature Precipitation 
Two years in 10 will have One year in 10 
about 4 days with — will have— 
Month sverage Average x 
avy aly. Maximum Minimum MEEREC 
maximum minimum | temperature | temperature Less More 
equal to or equal to or than— than— 
more than— | less than— 
°F °F °F Inches Inches Inches 
January. oe as 41.0 14,0 62 -6 0.56 0.01 1.84 
February 45.0 18.2 66 2 68 10 1.79 
March 50.7 23.4 76 5 1.63 -19 3.20 
April 64.6 36.8 83 25 2.04 62 3.95 
May - 74.1 47.8 91 85 3.31 1.15 6.75 
June 84.0 57.9 99 48 447 84 8.34 
July -. 90.7 63.8 103 56 3.49 1.02 7.20 
August __ 90.0 62.4 102 53 2.98 77 6.78 
September 80.7 51.9 97 39 1.90 20 3.56 
October _~-. 10.2 39.7 88 27 1,49 17 4.67 
November _ 54.0 25.6 72 11 64 (*) 2.12 
December _ 43.5 17.5 64 2 BT (?) 1.27 
Year: 22-0 i8 cic eat 65.8 38.4 106° -10‘ 23.75 14,54 32.37 


‘For the period 1939-68. 
* Trace of precipitation. 


Temperature ranges widely in a continental climate. 
Annual extremes are generally from —10° to 105° in 
Gove County. The lowest temperature ever recorded at 
Quinter was —29° on January 11, 1918; the highest 
was 113° on July 24, 1936. Extremely cold periods are 
associated with snow-covered ground and clear nights. 
Fortunately, the snow acts as an insulating blanket 
for winter wheat, lawns, and dormant plants. 

From January 1939 through December 1970, there 
was an average of 12 days per year when the maxi- 
mum temperature was above 100°, 59 days when it 
was above 90°, 119 days when it was above 80°, and 29 
days when it was below 32°. For the same period, there 
was an average of 152 days when the minimum tem- 
perature was below 32°, 28 days when it was below 
10°, 9 days when it was below 0°, and 70 days when 
it was above 60°. 

The average temperature data in table 15 indicate 
that spring and fall are rather short transition sea- 
sons in Kansas. Winter lasts from December through 
February when the average daily temperature is in 
the 30’s or lower. Summer provides the warm temper- 
atures necessary for plant growth from late April un- 
til early in October. 

The average growing season, the period between 32° 
freezes in spring and fall, is 165 days in Gove County. 
In most years there is little crop damage from freez- 
ing weather. Early fall freezes occasionally damage 
sorghum, and late spring freezes occasionally damage 
winter wheat. The probability of freezes of differing 
severity in spring and fall are given in table 16 (3). 

The prevailing wind direction in the county is south- 
erly, but northerly winds are not uncommon, particu- 
larly in winter. Average wind velocities, which are 


* Average annual highest temperature 1941-70. 
* Average annual lowest temperature 1941-70. 


moderately strong in all seasons, reach a maximum 
during spring. During dry periods, these winds cause 
soil blowing. 

The climate in Gove County is often unfavorable for 
crop production. Yields of nonirrigated crops are often 
reduced by a lack of soil moisture. The greatest damage 
occurs in midsummer when high temperatures, dry 
weather, strong winds, and low humidities combine to 
produce a great demand for moisture.. During such 
periods, evapotranspiration rates are high and crops 
are unable to maintain satisfactory growth. Droughts 
classified as mild, moderate, severe, or extreme were 
recorded in 220 months during the period 1931-68 
(5). Severe or extreme droughts occurred in 73 months, 
or about 16 percent of the period of study. These fi- 
gures are probably higher than average, because they 
include the devastating droughts of the 30’s and 50’s. 
A longer period of study would undoubtedly reduce 
the percentage of time in which severe and extreme 
drought conditions exist, but in this section of Kansas 
the potential for drought is always high. 

Tornadoes and severe windstorms occur occasionally 
in Gove County. The county is somewhat removed from 
the center of maximum tornadoes in east-central Okla- 
homa, and the threat of storms is correspondingly low. 
When they do occur, these storms are local in extent 
and of short duration so that risk is small. The county 
is nearer to the center of maximum occurrence of 
hailstorms in northeast Colorado, southwest Wyoming, 
and the Nebraska panhandle. Hail is associated with 
the heavy rains that occur most frequently in May and 
June. Unfortunately this is also a critical period in the 
development and harvest of winter wheat. Crop losses 
from hail are heavy in some years. 
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TABLE 16.—Probabilities of first and last freezing temperatures 


[Data recorded at Quinter] 


$e 
oy 16° F or 20° F or 24° F or 28° F or 32° For 
Probability lower lower lower lower lower 
Spring: 
1 year in 10 later than ___-.___________ April 7 April 15 April 22 April 30 May 18 
2 years in 10 later than ___ April1 April 9 April 17 April 25 May 13 
F § years in 10 later than _______________ March 20 March 30 April 8 April 15 May 3 
all: 
1 year in 10 earlier than ______--______ October 30 October 26 October 17 October 11 September 29 
2 years in 10 earlier than -. November 4 October 31 October 21 October 16 October 2 
5 years in 10 earlier than _____________ November 16 November 10 October 31 October 25 October 12 


Water Supply 


In the northern one-fourth to one-third of Gove 
County, wells for domestic use can generally be drilled 
into the Ogallala Formation. In much of the rest of 
the county, wells are more difficult to find and are gen- 
erally located in the alluvium along small streams. In 
these areas the Ogallala Formation is generally thin 
or lacking and there is no good water-bearing material 
above the relatively impervious Smoky Hill Chalk. A 
few deep wells, 600 to 1,100 feet deep, have been drilled 
into the Dakota Formation, but they are expensive 
and the water is high in salts. Most of the irrigation 
wells pump 500 gallons or less per minute, but a few 
produce over 1,000 gallons per minute. A few springs 
have been developed as a source of livestock water. 
Water from both the Ogallala Formation and from 
alluvium is moderately hard, but the quality is suitable 
for most uses. In some of the areas where supplies of 
ground water are limited, farm ponds are a main source 
of livestock water. 


Farming 


Grain and livestock, mainly beef cattle, are the prin- 
cipal sources of income in Gove County. Farming is 
on a relatively large scale and is highly mechanized. 
According to the U.S. Census of Agriculture, in 1964 
there were 556 farms in the county with an average 
size of 1,148.6 acres. In 1969 the number of farms had 
increased to 569, and the average size had decreased to 
1,132 acres. Irrigation is expanding somewhat in the 
county, but good irrigation wells are difficult to find 
and much of the county lacks suitable water for irriga- 
tion. In 1969 there were about 98 farms irrigating 
about 12,418 acres. 

Dryland crops are generally grown in a sequence 
that includes summer fallow. During the fallow period 
weeds are controlled to conserve moisture for the crops 
that follow. Wheat is the main crop in Gove County. 
The acreage has remained relatively stable, although 
there is some variation from year to year. Sorghum is 
the second largest crop in the county, and the acreage 
has shown an upward trend. Dryland alfalfa is grown 
for hay on some of the bottom land along streams. 

Fallow is not used on irrigated soils. Sorghums, corn, 
wheat, and alfalfa are the main crops on the irrigated 
soils. Sugar beets and truck garden crops can be grown 
if the marketing situation becomes favorable. 


According to the biennial report of the Kansas State 
Board of Agriculture, crops harvested in 1971 were 
wheat from 104,000 acres, sorghums for grain and seed 
from 29,000 acres, sorghums for feed and forage from 
32,400 acres, corn for grain from 3,300 acres, corn for 
silage from 3,630 acres, and all hay from 11,500 acres. 
About 292,000 acres was in pasture and range. . 

Beef cattle are the principal kind of livestock in 
Gove County. The number varies from year to year 
depending mainly on the feed supply. Some cattle are 
generally brought into the county to graze winter 
wheat and sorghum stubble and for feedlot operations. 

On January 1, 1972, there were 105,000 cattle, 7,000 
swine, 700 sheep and lambs, and 5,000 chickens on 
Gove County farms. 

Most of the farm products are shipped out of the 
county by rail or truck. Interstate highway 70 and the 
Union Pacific Railroad cross the county from east to 
west, and State Route 23 crosses the county from north 
to south through Gove and Grainfield. All of the towns 
in the county except Gove are along Interstate 70 and 
the railroad. Each town has facilities for handling and 
shipping grain. A livestock auction is held once a week 
at Quinter. Some livestock are bought and sold through 
facilities in adjoining counties. 
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Glossary 


Aggregate, soil. Many fine particles held in a single mass or 
cluster. Natural soil aggregates, such as granules, blocks, 
or prisms, are called peds. Clods are aggregates produced 

: by tillage or logging. i 

Alkali (sodic) soil. A soil having so high a degree of alkalinity 
(pH 8.5 or higher), or so high a percentage of exchange- 
able sodium (15 percent or more of the total exchangeable 
bases), or both, that plant growth is restricted. 

Alluvium. Material, such as sand, silt, or clay, deposited on land 
by streams. 

Area reclaim. An area difficult to reclaim after the removal of 
soil for construction and other uses. Revegetation and ero- 
sion control are extremely difficult. . . 

Association, soil. A group of soils geographically associated in 
a characteristic repeating pattern and defined and delin- 
eated as a single mapping unit. . 

Available water capacity (available moisture capacity). The 
capacity of soils to hold water available for use by most 
plants. It is commonly defined as the difference between the 
amount of soil water at field moisture capacity and the 
amount at wilting point. It is commonly expressed as inches 
of water per inch of soil. The capacity, in inches, in a 60- 
inch profile or to a limiting layer is expressed as— 


Inches 


Moderate 
High ----. 

Bedrock. The solid rock that underlies the soil and other uncon- 
solidated material or that is exposed at the surface. 

Caleareous soil. A soil containing enough calcium carbonate 
(commonly with magnesium carbonate) to effervesce (fizz) 
visibly when treated with cold, dilute hydrochloric acid. A 
soil having measurable amounts of calcium carbonate or 
magnesium carbonate. 

Caliche. A more or less cemented deposit of calcium carbonate 
in soils of warm-temperate, subhumid to arid areas. Caliche 
occurs as soft, thin layers in the soil or as hard, thick beds 
just beneath the solum, or it is exposed at the surface by 
erosion. 

Clay. As a soil separate, the mineral soil particles less than 
0.002 millimeter in diameter. As a soil textural class, soil 
material that is 40 percent or more clay, less than 45 per- 
cent sand, and less than 40 percent silt. 

Clay film. A thin coating of oriented clay on the surface of a 
soil aggregate or lining pores or root channels. Synonyms: 
clay coat, clay skin. 

Colluvium. Soil material, rock fragments, or both moved by 
creep, slide, or local wash and deposited at the bases of 
steep slopes. . 7 

Complex slope. Irregular or variable slope. Planning or con- 
structing terraces, diversions, and other water-control mea- 
sures is difficult. 

Compressible. Excessive decrease in volume of soft soil under 
load. 

Consistence, soil. The feel of the soil and the ease with which 
a lump can be crushed by the fingers. Terms commonly 
used to describe consistence are— 


Loose.—Noncoherent when dry or moist; does not hold 
together in a mass. 

Friable—When moist, crushes easily under gentle pres- 
sure between thumb and forefinger and can be 
pressed together into a lump. 

Firm.—When moist, crushes under moderate pressure 
between thumb and forefinger, but resistance is dis- 
tinctly noticeable. 

Plastic—When wet, readily deformed by moderate pres- 
sure but can be pressed into a lump; will form a 
“wire” when rolled between thumb and forefinger. 

Sticky When wet, adheres to other material and tends 
to stretch somewhat and pull apart rather than to 
pull free from other material. 


Hard.—When dry, moderately resistant to pressure; can 
be broken with difficulty between thumb and fore- 
inger. 
Soft.—When dry, breaks into powder or individual grains 
under very slight pressure. 
Cemented.—Hard; little affected by moistening. 


Corrosive. High risk of corrosion to uncoated steel or deterio- 
ration of concrete. 

Cutbanks cave. Unstable walls of cuts made by earthmoving 
equipment. The soil sloughs easily. 

Depth to rock. Bedrock at a depth that adversely affects the 
specified use. 

Drainage, surface. Runoff, or surface flow of water, from an 
area. 

Eolian soit material. Earthy parent material accumulated 
through wind action; commonly refers to sandy material in 
dunes or to loess in blankets on the surface. 

Excess alkali. Excess exchangeable sodium. The resulting poor 
physical properties restrict the growth of plants. 

Excess fines. Excess silt and clay. The soil does not provide a 
source of gravel or sand for construction purposes. 

Excess lime. Excess carbonates. Excessive carbonates, or lime, 
restrict the growth of some plants. 

Excess salts. Excess water soluble salts. Excessive salts restrict 
the growth of most plants. 

Fast intake. The rapid movement of water into the soil. 

Favorable. Favorable soil features for the specified use. 

Fertility, soil. The quality that enables a soil to provide plant 
nutrients, in adequate amounts and in proper balance, for 
the growth of specified plants when light, moisture, temper- 
ature, tilth, and other growth factors are favorable. 

Flooding. The temporary covering of soil with water. from over- 
flowing streams and runoff from adjacent slopes. Frequency, 
duration, and probable dates of occurrence are estimated. 
Frequency is expressed as none, rare, occasional, and fre- 
quent. None means that flooding is not probable; rare that 
it is unlikely but possible under unusual weather conditions; 
occasional that it occurs on an average of once or less in 
2 years; and frequent that it occurs on an average of more 
than once in 2. years. Duration is expressed as very brief if 
less than 2 days, brief if 2 to 7 days, and long if more than 
7 days. Probable dates are expressed in months; November- 
May, for example, means that flooding can occur, during 
the period November through May. Water standing for 
short periods after rainfall or commonly covering swamps 
and marshes is not considered flooding. 

Frost action. Freezing and thawing of soil moisture. Frost ac- 
tion can damage structures and plant roots. 

Genesis, soil. The mode of origin of the soil. Refers especially to 
the processes or soil-forming factors responsible for the 
formation of the solum, or true soil, from the unconsolidated 
parent material. 

Horizon, soil. A layer of soil, approximately parallel to the sur- 
face, having distinct characteristics produced by soil- 
gorming. processes. The major horizons of mineral soil are as 

ollows: 


O horizon—An organic layer, fresh and decaying plant 
residue, at the surface of a mineral soil. 

A horizon—The mineral horizon, formed or forming at or 
near the surface, in which an accumulation of humi- 
fied organic matter is mixed with the mineral mate- 
rial. Also, a plowed surface horizon most of which 
was originally part of a B horizon. 

A2 horizon.—A mineral horizon, mainly a residual con- 
centration of sand and silt high in content of resis- 
tant minerals as a result of the loss of silicate clay, 
iron, aluminum, or a combination of these. 

B horizon—The mineral horizon below an A horizon. The 
B horizon is in part a layer of change from the over- 
lying A to the underlying C horizon. The B horizon 
also has distinctive characteristics caused (1) by 
accumulation of clay, sesquioxides, humus, or a com- 
bination of these; (2) by prismatic or blocky struc- 
ture; (3) by redder or browner colors than those in 
the A horizon; or (4) by a combination of these. The 
combined A and B horizons are generally called the 
solum, or true soil. If a soil lacks a B horizon, the A 
horizon alone is the solum. 

C horizon—The mineral horizon or layer, excluding in- 
durated bedrock, that is little affected by soil-forming 
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processes and does not have the properties typical of 
the A or B horizon. The material of a C horizon may 
be either like or unlike that from which the solum 
is presumed to have formed. If the material is known 
to differ from that in the solum the Roman numeral 
II precedes the letter C. 

R layer—Consolidated rock beneath the soil. The rock 
commonly underlies a C horizon, but can be directly 
below an A or a B horizon. 


Large stones. Rock fragments 10 inches (25 centimeters) or 
more across. Large stones adversely affect the specified use. 

Loess. Fine grained material, dominantly of silt-sized particles, 
deposited by wind. 

Low strength. Inadequate strength for supporting loads. 

Mottling, soil. Irregular spots of different colors that vary in 
number and size. Mottling generally indicates poor aera- 
tion and impeded drainage. Descriptive terms are as fol- 
lows: abundance—few, common, and many; size—fine, 
medium, and coarse; and contrast—faint, distinct, and prom- 
inent. The size measurements are of the diameter along 
the greatest dimension. Fine indicates less than 5 milli- 
meters (about 0.2 inch); medium, from 5 to 15 millimeters 
{about 0.2 to 0.6 inch); and coarse, more than 15 millimeters 
(about 0.6 inch). 

Parent material. The great variety of unconsolidated organic 
and mineral material in which soil forms. Consolidated bed- 
rock is not yet parent material by this concept. 

Ped. An individual natural soil aggregate, such as a granule, 
a prism, or a block, 

Pedon, The smallest volume that can be called “a soil.” A pedon 
is three dimensional and large enough to permit study of all 
horizons. Its area ranges from about 10 to 100 square feet 
(1 square meter to 10 square meters), depending on the 
variability of the soil. 

Percolation. The downward movement of water through the soil. 

Percs slowly. The slow movement of water through the soil ad- 
versely affecting the specified use. 

Permeability. The quality that enables the soil to transmit water 
or air, measured as the number of inches per hour that 
water moves through the soil. Terms describing perme- 
ability are very slow (less than 0.06 inch), slow (0.06 to 
0.20 inch), moderately slow (0.2 to 0.6 inch), moderate 
(0.6 to 2.0 inches), moderately rapid (2.0 to 6.0 inches), 
rapid yoo to 20 inches), and very rapid (more than 20 
inches). 

Piping. Formation by moving water of subsurface tunnels or 
pipelike cavities. 

Pitting. Formation of pits as a result of the melting of ground 
ice after the removal of plant cover. 

Poor outlets. Surface or subsurface drainage outlets difficult 
or expensive to install. 

Profile, soil. A vertical section of the soil extending through 
all its horizons and into the parent material. 

Reaction, soil. The degree of acidity or alkalinity of a soil, 
expressed in pH values. A soil that tests to pH 7.0 is de- 
scribed as precisely neutral in reaction because it is neither 
acid nor alkaline. The degree of acidity or alkalinity is 
expressed as— 


pi 
Mildly alkaline ____7. 
Moderately alkaline_ 
Strongly alkaline —— 
Very strongly 
alkaline --__9.1 and higher 


pH 
Extremely acid __.Below 4.5 
Very strongly acid _4.5 to 5.0 
Strongly acid 5. 5.5 
Medium acid - 
Slightly acid — 
Neutral -.... 


Relief. The elevations or inequalities of a land surface, consid- 
ered collectively. 

Rooting depth. Shallow root zone. The soil is shallow over a 
layer that greatly restricts roots. 

Saline soil. A soil containing soluble salts in an amount that 
impairs growth of plants. A saline soil does not contain 
excess exchangeable sodium. 

Sand. As a soil separate, individual rock or mineral fragments 
from 0.05 millimeter to 2.0 millimeters in diameter. Most 
sand grains consist of quartz. As a soil textural class, a soil 
that is 85 percent or more sand and not more than 10 per- 
cent clay. 

Seepage. The rapid movement of water through the soil. Seep- 
age adversely affects the specified use. 

Shrink-swell. The shrinking of soil when dry and the swelling 
when wet. Shrinking and swelling can damage roads, dams, 


building foundations, and other structures. It can also 
damage plant roots. 

Silt. As a soil separate, individual mineral particles that range 
in diameter from the upper limit of clay (0.002 millimeter) 
to the lower. limit of very fine sand (0.05 millimeter). As a 
soil textural class, soil that is 80 percent or more silt and 
less than 12 percent clay. 

Slick spot. Locally, a sma!l area of soil having a puddled, 
crusted, or smooth surface and an excess of exchangeable 
sodium. The soil is generally silty or clayey, is slippery 
when wet, and is low in productivity. 

Slow intake. The slow movement of water into the soil. 

Slow refill. The slow filling of ponds, resulting from restricted 
permeability in the soil. 

Small stones. Rock fragments 3 to 10 inches (7.5 to 25 centi- 
meters) in diameter. Small stones adversely affect the speci- 

ed use. 

Soil. A natural, three-dimensional body at the earth’s surface 
that is capable of supporting plants and has properties re- 
sulting from the integrated effect of climate and living 
matter acting on earthy parent material, as conditioned by 
relief over periods of time. 

Solum. The upper part of a soil profile, above the C horizon, in 
which the processes of soil formation are active. The solum 
in mature soil consists of the A and B horizons. Generally, 
the characteristics of the material in these horizons are 
unlike those of the underlying material. The living roots 
and other plant and animal life characteristics of the soil 
are largely confined to the solum. 

Structure, soil. The arrangement of primary soil particles into 
compound particles or aggregates that are separated from 
adjoining aggregates. The principal forms of soil struc- 
ture are—platy (laminated), prismatic (vertical axis of 
aggregates longer than horizontal), columnar (prisms with 
rounded tops), blocky (angular or subangular), and granu- 
lar. Structureless soils are either single grained (each 
grain by itself, as in dune sand) or massive (the particles 
adhering without any regular cleavage, as in many hard- 


pans. 

Subsoil. Technically the B horizon; roughly, the part of the 
solum below plow depth. 

Substratum. The part of the soil below the solum. 

Subsurface layer. Technically, the A2 horizon. Generally refers 
to a leached horizon lighter in color and lower in content 
of organic matter than the overlying surface layer. 5 

Surface soil. The soil ordinarily moved in tillage, or its equiv- 
alent in uncultivated soil, ranging in depth from 4 to 10 
inches (10 to 25 centimeters). Frequently designated as the 
“plow layer,” or the “Ap horizon.” 

Texture, soil. The relative proportions of sand, silt, and clay 
particles in a mass of soil. The basic textural classes, in 
order of increasing proportion of fine particles, are sand, 
loamy sand, sandy loam, loam, silt, silt loam, sandy clay 
loam, clay loam, silty clay loam, sandy clay, silty clay, and 
clay. The sand, loamy: sand, and sandy loam classes may 
be further divided by specifying “coarse,” “fine,” or “very 
fine.” 

Thin layer. Otherwise suitable soil material too thin for the 
specified use. 7 F 

Tilth, soil. The condition of the soil, especially the soil struc- 
ture, as related to the growth of plants. Good tilth refers 
to the friable state and is associated with high noncapil- 
lary porosity and stable structure. A soil in poor tilth is 
nonfriable, hard, nonaggregated, and difficult to till. 

Topsoil (engineering). Presumably a fertile soil or soil mate~- 
rial, or one that responds to fertilization, ordinarily rich in 
organic matter, used to topdress roadbanks, lawns, and 
gardens. 

Unstable fill, Risk of caving or sloughing in banks of fill 
material. 

Water table. The upper limit of the soil or underlying rock ma- 
terial that is wholly saturated with water. 7 

Water table, apparent. A thick zone of free water in the soil. 
An apparent water table is indicated by the level at which 
water stands in an uncased borehole after adequate time is 
allowed for adjustment in the surrounding soil. 

Water table, artesian. A water table under hydrostatic head, 
generally beneath an impermeable layer. When this layer is 
penetrated, the water level rises in an uncased borehole. 

Water table, perched. A water table standing above an unsatu- 
rated zone. In places an upper, or perched, water table is 
separated from a lower one by a dry zone. 


GUIDE TO MAPPING UNITS 


For a complete description of a mapping unit, read both the description of the mapping unit and the description 
of the soil series to which the mapping unit belongs. Range sites are described beginning on page 32. 


Map 
symbol Mapping unit 


An Angelus silt loam 
Br Bridgeport silt loam: 
Cc Campus-Canlon complex, 3 to 40 percent slopes- 

Campus part--- 

Canlon part--- 
Cd Carlson-Campus complex, 1 to 3 percent slopes- 

Carlson part-- 

Campus part~ 
cr Caruso loam 
Dx Dix soils, 6 to 40 percent slopes 
Eb Elkader silt loam, 1 to 3 percent slopes 
Ec Elkader silt loam, 3 to 6 percent slopes 
Ed Elkader and Manvel silt loams, 6 to 15 percent slopes--- 

Elkader part-- 

Manvel part--- 
Ha Harney silt loam, 0 to 1 percent 
Hb Harney silt loam, 1 to 3 percent 
In Inavale soils------------------------- - 
Ka Keith silt loam, 0 to 1 percent slopes 
Kb Keith silt loam, 1 to 3 percent slopes- 
Kp Kim-Penden clay loams, 6 to 15 percent slopes- 
Ma Manvel silt loam, 1 to 3 percent slopes------- 
Mb Manvel-Badland complex, 6 to 40 percent slopes--- 

Manvel part 


Badland. et = 
Mc Munjor-Bridgeport complex: - 
Md Munjor-Inavale complex--- - 


ot Otero fine sandy loam, undulating--- - 
Pe Penden clay loam, 3 to 6 percent slopes 7 
Pt Pleasant silty clay loam, ponded------- = 
Ra Roxbury silt loam-- o-- - 
Rb Roxbury soils, frequently flooded - 
Rx Roxbury soils, channeled------------ - 
Ua Ulysses silt loam, 0 to 1 percent slopes-- 

Ub Ulysses silt loam, 1 to 3 percent slopes-- 

Uc Ulysses silt loam, 3 to 6 percent slopes- - 
Ud Ulysses silt loam, 6 to 10 percent slopes- - 
Ue Ulysses soils, 2 to 6 percent slopes, eroded------------ 


Capability unit 
Dryland 


Trrigated 


Range site 


Name 


Loamy Terrace 
Loamy Terrace 
Limy Upland 
Shallow Limy 


Loamy Upland 

Limy Upland 

Saline Subirrigated 
Gravelly Hills 

Limy Upland 

Limy Upland 


Limy Upland 
Chalk Flats 
Loamy Upland 
Loamy Upland 
Sandy Lowland 
Loamy Upland 
Loamy Upland 
Limy Upland 
Chalk Flats 


Sandy Lowland 
Sandy Lowland 
Sandy 

Limy Upland 
Clay Upland 
Loamy Terrace 
Loamy Lowland 
Loamy Lowland 
Loamy Upland 
Loamy Upland 
Loamy Upland 
Loamy Upland 
Limy Upland 
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NRCS Accessibility Statement 


This document is not accessible by screen-reader software. The Natural 
Resources Conservation Service (NRCS) is committed to making its information 
accessible to all of its customers and employees. If you are experiencing accessibility 
issues and need assistance, please contact our Helpdesk by phone at 
1-800-457-3642 or by e-mail at ServiceDesk-FTC @ftc.usda.gov. For assistance with 
publications that include maps, graphs, or similar forms of information, you may also 
wish to contact our State or local office. You can locate the correct office and phone 
number at http://offices.sc.egov.usda.gov/locator/app. 

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, and 
where applicable, sex, marital status, familial status, parental status, religion, sexual 
orientation, genetic information, political beliefs, reprisal, or because all or a part of an 
individual's income is derived from any public assistance program. (Not all prohibited 
bases apply to all programs.) Persons with disabilities who require alternative means 
for communication of program information (Braille, large print, audiotape, etc.) should 
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a 
complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400 
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272 
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and 
employer. 
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SOIL ASSOCIATIONS 


Ulysses-Kim-Penden association: Nearly level to strongly 
[ey sloping soils that have a medium textured to moderately fine 

textured subsoil; on uplands 

Keith-Ulysses association: Nearly level to sloping soils 
Es) that have a medium textured and moderately fine textured 

subsoil; on uplands 

Harney-Ulysses association: Nearly level to sloping soils 
(sz) that have a medium textured to fine textured subsoil; on 

uplands 


Lh 


T.15S. 


R.31W. 


Each area outlined on this map consists of 
more than one kind of soil. The map is thus 
meant for general planning rather than a basis 
for decisions on the use of specific tracts. 
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SYMBOL 


SOIL LEGEND 


Angelus silt loam 
Bridgeport silt loam 


Campus-Canlon complex, 3 to 40 percent slopes 
Carlson-Campus complex, 1 to 3 percent slopes 
Caruso loam 


Dix soils, 6 to 40 percent slopes 


Elkader silt loam, 1 to 3 percent slopes 
Elkader silt loam, 3 to 6 percent slopes 
Elkader and Manvel silt loams, 6 to 15 percent slopes 


Harney silt loam, 0 to 1 percent slopes 
Harney silt loam, 1 to 3 percent slopes 


Inavale soils 


Keith silt loam, 0 to 1 percent slopes 
Keith silt loam, 1 to 3 percent slopes 
Kim-Penden clay loams, 6 to 15 percent slopes 


Manvel silt loam, 1 to 3 percent slopes 
Manvel-Badland complex, 6 to 40 percent slopes 
Munjor-Bridgeport complex 

Munjor-Inavale complex 


Otero tine sandy loam, undulating 


Penden clay loam, 3 to 6 percent slopes 
Pleasant silty clay loam, ponded 


Roxbury silt loam 
Roxbury soils, frequently flooded 
Roxbury soils, channeled 


Ulysses silt loam, 0 to 1 percent slopes 
Ulysses silt loam, 1 to 3 percent slopes 
Ulysses silt loam, 3 to 6 percent slopes 
Ulysses silt loam, 6 to 10 percent slopes 
Ulysses soils, 2 to 6 percent slopes, eroded 
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CONVENTIONAL AND SPECIAL 
SYMBOLS LEGEND 


CULTURAL FEATURES 


BOUNDARIES 

National, state or province 

County or parish 

Minor civil division 

Reservation (national forest or park, 
state forest or park, 
and large airport) 

Land grant 

Limit of soil survey (label) 


Field sheet matchline & neatline 


AD HOC BOUNDARY (label) 


Feet 


Davis Airstrip t— | 


i 
Small airport, airfield, park, oilfield, ‘ 
cemetery, or flood poal 
STATE COORDINATE TICK 
LAND DIVISION CORNERS 
(sections and land grants) 
ROADS 
Divided (median shown 
if scale permits) 
Other roads 
Trail 
ROAD EMBLEMS & DESIGNATIONS 
Interstate 
Federal 
State 
County, farm or ranch 
RAILROAD 
POWER TRANSMISSION LINE 


(normally not shown) 


PIPE LINE 
(normally not shown) 


FENCE . 
(normally not. shown) 
LEVEES 
Without road 
With road 
With railroad 
DAMS 
Large (to scale) 
Medium or small 
PITS 


Gravel pit 


Mine or quarry 


MISCELLANEOUS CULTURAL FEATURES 
Farmstead, house 
(omit in urban areas) 


Church 


School é 
Indian 
Mound 
Indian mound (label) n 


Tower 
Located object (label) 


GAS 
Tank (label) . 


Wells, oil or gas 4 


Windmill 


Kitchen midden 


WATER FEATURES 
DRAINAGE 

Perennial, double line 
Perennial, singie line 
Intermittent 
Drainage end 
Canals or ditches 

Double-line (label) 

Drainage and/or irrigation 


LAKES, PONDS AND RESERVOIRS 


Perennial S 


Intermittent 
MISCELLANEOUS WATER FEATURES 
Marsh or swamp 
Spring 
Well, artesian 
Well, irrigation 


Wet spot 


SPECIAL SYMBOLS FOR 
SOIL SURVEY 


SOIL DELINEATIONS AND SYMBOLS __—— 
ESCARPMENTS 
Bedrock WY YY Y WN NYY 


(points down slope) 
Other than bedrock 


(points down slope) 
SHORT STEEP SLOPE 
GULLY 
DEPRESSION OR SINK 
SOIL SAMPLE SITE 
(normally not shown) 
MISCELLANEOUS 
Blowout 
Clay spot 
Gravelly spot 
Gumbo, slick or scabby spot (sodic) 
Dumps and other similar 
non soil areas 
Prominent hill or peak 
Rock outcrop 
(includes sandstone and shale) 
Saline spot 
Sandy spot 
Severely eroded spot 
Slide or slip (tips point upslope) 


Stony spot, very stony spot 


Borrow pit 
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